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LTHOUGH arteriovenous anastomoses had previously been 
described in various organs by some of the older anatomists, little 
attention was focused on them until Grant and Bland‘ demonstrated 
direct connections between the arterioles and veins in the rabbit’s ear 
and in human skin. These shunts are believed to be physiologically 
important in the control of the flow of blood through the skin and in 


the regulation of body temperature. The existence of arteriovenous 
anastomoses in the normal human heart was recently shown in our 
laboratory by a technic involving the injection of glass spheres of 
known sizes into the coronary arteries.* It was decided to employ 
the method of injection of glass spheres in a search for such anastomoses 
in the normal human kidney in view of the lack of agreement concerning 
their existence in this organ and the potential physiologic significance 
of renal arteriovenous shunts. 

The literature on this subject to 1939 has been thoroughly reviewed 
by Clara.4 There are three views regarding arteriovenous anastomoses 
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in the normal human kidney: (1) Several investigators ° have demon- 
strated arteriovenous anastomoses in the kidney by injection into the 
renal arteries of substances such as gelatin, dyes, silver nitrate and 
celloidin. Steinach * injected Lycopodium spores (average diameter 
29 to 32 microns) into the renal artery and recovered some from the 
renal vein. (2) Some workers have observed arteriovenous anastomoses 
only in the renal capsule. (3) Other investigators,’ employing similar 
technics, were unable to demonstrate arteriovenous channels in either 
the kidney or its capsule. More recently, Loomis and Jett-Jackson ® 
failed to find a single example of arteriovenous anastomoses in their 
dissections of over a hundred kidneys, and Oliver® indicated that 
these anastomoses’ may exist, but probably not frequently. Shonyo 
and Mann ?° were unable to demonstrate any arteriovenous anastomoses 
in neoprene casts of normal kidneys in several animal species, although 
they did observe direct shunts between artery and vein in the boundary 
zone of two hypertrophied rat kidneys. 








5. (a) Gross, C. F.: Essai sur la structure microscopique du rein, Inaug. 
Dissert., Strassbourg, Truettel & Wurtz, 1868. (6b) Sucquet, J. P.: Recherches 
sur le rein: D’une circulation du sang spécial au rein des onimaux vertébrés mam- 
miféres et de la sécrétion des urines qu'elle y produit, Paris, A. Delahaye, 1877; 
Commentaire sur la structure miscroscopique du rein des vertébrés. A l'occasion 
d’un mémoire de M. Ch.-F. Gros sur le méme sujet, ibid. 1869. (c) Steinach, E.: 
Studien iiber den Blutkreislauf der Niere, Sitzungsb. d. k. Akad. d. Wissensch. 
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In the American literature and standard textbooks of anatomy 
and histology, scant attention has been given to the occurrence of 
these channels in the normal kidney. In recent reviews of the renal 
circulation "+ the general opinion has been that if such vascular channels 
do exist in the normal human kidney, they are exceedingly rare. 


It is the purpose of this study to investigate this problem by a 
method which allows the quantitative measurement of the largest 
vascular channels connecting the arterial and venous sides of the renal 
circulation. Previous studies employed postmortem materials, hence 
it will also be the purpose of this study to determine whether or not 
functional arteriovenous anastomoses exist in the kidneys of rabbits 
and dogs during life. 


I. DEMONSTRATION OF ARTERIOVENOUS ANASTOMOSES IN NORMAL 
HUMAN KIDNEYS WITH INTACT CAPSULES, POST MORTEM 


Principle of Method.—Glass spheres,!? suspended in a radiopaque 
mixture, were injected into the renal artery and recovered from the 
renal vein. The diameters of the spheres so recovered indicate the size 
of the lumens of the largest vascular channels permitting the passage of 
the beads from the arterial to the venous side of the renal circulatory 
tree. The recovery from the renal vein of spheres with diameters many 
times greater than the average diameter of a capillary (8 microns) 
would indicate the presence of arteriovenous shunts. 


Method—Human kidneys were obtained at necropsy one to twenty-four hours 
after death. The kidneys were obtained from patients ranging from 1 to 72 
years of age. The renal artery and the renal vein were cut close to the aorta 
and the inferior vena cava, and the kidney was removed from its bed intact. 
In most instances the perirenal fascia and fat were left adherent to the removed 
specimen. In all cases the renal capsule was intact. Some of the kidneys were 
kept at 4C. (39.2 F.) twelve to twenty-four hours before being used, and others 
were used immediately following autopsy. This time factor had no influence on 
the experimental results. The renal artery and the vein were cannulated with 
glass cannulas of appropriate sizes; when more than one renal artery or vein 
were present, they were also cannulated. 


11. Smith, H. W.: The Physiology of the Kidney, New York, Oxford Uni 
versity Press, 1937. Collins, D. A.: Hypertension from Constriction of Arteries 
of Denervated Kidneys, Am. J. Physiol. 116:616, 1936. Van Slyke, D. D.; 
Rhoads, C. P.; Hiller, A., and Alving, A. S.: Relationships Between Urea 
Excretion, Renal Blood Flow, Renal Oxygen Consumption and Diuresis: Mecha- 
nism of Urea Excretion, ibid. 109:336, 1934. Walker, A. M.; Schmidt, C. F.; 
Elsom, K. A., and Johnston, C. G.: Renal Blood Flow of Unanesthetized Rabbits 
and Dogs in Diuresis and Antidiuresis, ibid. 188:95, 1937. 

12. Glass spheres were obtained from Prismo Products, 1211 Architect’s Build- 
ing, Los Angeles. 
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The injection mixture used in these experiments consisted of 2 Gm. of glass 
spheres 1% suspended in 100 cc. of a gelatin radiopaque mass.14 This suspension 
of beads, warmed to a temperature of 40C. (104F.) so that the mass became 
fluid, was injected into the renal artery by means of a 50 cc. Luer syringe 
attached to the cannula with a piece of rubber tubing. Just prior to the injection 
of the glass spheres, 50 to 100 cc. of Ringer’s solution at 40 C. (104 F.) was 
perfused through the renal artery. The perfusing pressure was intermittent, was 
usually 50 to 100 mm. of mercury and never exceeded 160 mm. of mercury. After 
10 to 15 cc. of the suspension had been injected into the renal artery, the 
radiopaque mass issued from the renal vein and was collected in a test tube. In 
every instance that the radiopaque mixture was obtained at the renal vein, glass 
beads were recovered from the perfusate. 
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Glass spheres as seen under the microscope, with reticule superimposed. Each 
square of reticule is 80 microns under low power magnification. The number super- 
imposed on the sphere is the diameter of the sphere expressed in microns (xX 100). 


In order to isolate the glass spheres contained in the radiopaque perfusate, the 
lead and mercury salts had to be dissolved. The following procedure was used: 
Concentrated potassium hydroxide was added to dissolve the lead carbonate; the 
supernatant fluid was carefully decanted, and the sediment was washed with dis- 
tilled water three or four times. Small amounts, approximately 1 cc. each, of 
concentrated hydrochloric acid and nitric acid were added, and after gentle heating 


13. One gram of beads was estimated to contain approximately 6,000,000 
spheres. 

14. Prinzmetal, M.; Kayland, S.; Margoles, C., and Tragerman, L. J.: A 
Quantitative Method for Determining Collateral Coronary Circulation: Pre- 
liminary Report on Normal Human Hearts, J. Mt. Sinai Hosp. 8:933, 1942. 
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the mercury sulfide dissolved. The beads were again washed several times with 
distilled water. Since the glass spheres were heavier than the washing fluids, 
they settled to the bottom of the test tube, and several minutes were allowed for 
settling after each washing. The beads at the bottom of the tube were transferred 
to a glass slide with the aid of a rubber policeman, and their diameters were 
determined by microscopic examination, with the aid of a calibrated reticule in the 
eye piece (figure). It should be mentioned that the glass spheres were observed 
to be impervious to the chemical action of the strong acids and alkalis necessary 
to clear the opaque mixture. 

A roentgenogram of the perfused kidney, made to determine the degree of 
filling of the renal vessels, showed that the vascular tree was completely filled. 


In these studies, kidneys were considered normal in the absence of any arterial 
or arteriolar disease, as determined by gross and microscopic examination. Kidneys 
with other types of gross abnormality, such as hypertrophy, atrophy, hydronephrosis 
and diffuse inflammatory processes, were not included in the series of normal kid- 
neys. Such common observations as acute passive congestion and cloudy swelling 
were not considered as pathologic in these experiments. 


Results——Glass spheres were injected into the renal arteries of 
sixteen different normal human kidneys with intact capsules, and glass 
spheres were recovered from the renal vein in every instance (table 1). 
In these sixteen kidneys the largest spheres recovered ranged in size 
from 90 to 440 microns in diameter, and in ten of the sixteen kidneys 
the maximum diameters of the recovered spheres were 200 microns 
or more. No variation with age was apparent. In the few diseased 
kidneys examined (table 1) there was no difference in the size of 
the recovered spheres as compared with the normal kidneys. 


These observations indicate the existence of direct arteriovenous 
communications which must by-pass the capillary bed in the normal 
human kidney, since the spheres recovered from the renal vein were 
far too large to have passed through capillaries. It must be emphasized 
that these arteriovenous shunts were demonstrated in every kidney 
receiving injections, but the experiments did not indicate whether the 
by-passing channels were present in the renal capsule and/or in the 
kidney substance proper. 


II. DEMONSTRATION OF ARTERIOVENOUS SHUNTS IN THE NORMAL 
DECAPSULATED HUMAN KIDNEY POST MORTEM 


In the preceding experiment it was shown that arteriovenous 
communications were present in kidneys with intact capsules. Since 
arteriovenous anastomoses have been described in the renal capsule,® 
it was possible that these capsular vessels alone could have accounted 
for the spheres recovered from the renal vein. Furthermore, in the 
preceding experiment gross observation showed that vessels in the 
capsule and perirenal fascia were filled with the radiopaque mass. 
In order to determine whether arteriovenous anastomoses were present 
in the body of the kidney, these experiments were repeated in a series 
of decapsulated normal human kidneys. 
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Method.—Tie kidneys were obtained, prepared and glass spheres injected 
in the same manner as described in the preceding experiment, except that they 
were stripped of their capsules prior to the injection of the spheres. Remnants 
of the capsule were tied off by ligatures at the hilus. In early experiments it was 
observed that there were many leaks from the surface of the decapsulated kidney, 
since some cortical blood vessels entering the capsule were torn when the capsule 
was stripped. The injection mixture flowed freely from the leakage sites at the 


TABLE 1.—Human Kidneys with Intact Capsules Post Mortem 








Diameter of Largest 
State of Sphere Recovered from 


No. Age Sex Cause of Death Kidney Renal Vein (Microns) 
1 1 M Tuberculous meningitis Normal 340 
2 38 M Generalized peritonitis Normal 180 
3 2 F Subacute portal cirrhosis Normal 140 
a 46 F Carcinoma of liver Normal 390 
5 53 F Carcinoma of breast with Normal 390 

generalized metastases 
6 54 M Myocardial infarction Normal 200 
7 54 M Bronchopneumonia Normal 220 
8 57 F Rheumatic heart disease with Normal 360 
congestive failure 
9 58 M Myocardial infarction Normal 440 

10 61 M Bronchogenic carcinoma Normal 410 
11 65 F Chronic ulcerative colitis with Normal 410 

perforation of sigmoid 

12 66 F Myocardial infarction Normal 190 
13 71 F Carcinoma of head of pan- Normal 170 

creas with metastases 

14 72 F Perforation of transverse colon Normal 390 
15 (Data not available) Normal 110 
16 (Data not available) Normal 90 
17 63 F Cerebral thrombosis Nephrosclerosis, 190 

minimal 

18 66 F Cerebral hemorrhage Nephrosclerosis, 380 

minimal 

19 70 F Myocardial infarction Nephrosclerosis, 210 

moderate 

20 35 F Subacute bacterial endocarditis Renal infarct 190 

21 52 M Acute hepatitis Cholemic nephrosis 370 
22 70 M Ruptured arteriosclerotic aneu- Hydronephrosis 170 

rysm of abdominal aorta 

23 83 M Myocardial infarction Cortical cysts, 180 

bilateral 





surface. Under these conditions, the radiopaque fluid always appeared at the renal 
by roentgenograms of these kidneys. 

A plaster of paris cast was formed around each of the decapsulated kidneys, 
in order to prevent the diversion of the injected mixture through leaks on the renal 
surface. Under these conditions, the radiopaque fluid always appeared at the renal 
vein following injection into the antery, just as in experiment 1.. 


Results—Glass spheres were injected into the renal arteries of 
seven different normal decapsulated kidneys obtained from patients 
ranging from 46 to 75 years of age, and in every instance glass spheres 
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were recovered from the renal vein. The maximum diameters of the 
recovered spheres ranged from 100 to 200 microns (table 2). 

The results indicate the existence of arteriovenous shunts in the 
body of the decapsulated kidney. 


III. DEMONSTRATION OF ARTERIOVENOUS ANASTOMOSES IN THE 
KIDNEYS OF LIVING ANESTHETIZED RABBITS AND DOGS 
Although the existence of arteriovenous anastomoses in the normal 
human kidney post mortem was clearly demonstrated in the afore- 
mentioned experiments, the important question as to whether or not 
these communications exist in life remained unanswered. In order 


TABLE 2.—Postmortem Observations in Human Decapsulated Kidneys 








Diameter of Largest 
State of Sphere Recovered from 


No. Age Sex Cause of Death Kidney Renal Vein (Microns) 
1 46 F Cor pulmonale Normal 100 
2 49 M Carcinoma of stomach with Normal 200 
perforation 

3 53 F Carcinoma of breast with Normal 110 
generalized metastases 

4 58 M Myocardial infarction Normal 100 

5 63 F Portal cirrhosis Normal 170 
6 64 F Multiple myeloma Normal 140 
7 75 F Myocardial infarction Normal 110 
& 65 M Congestive failure due to Benign nephro- 330 

hypertensive arterio- sclerosis 
sclerotic cardiac disease 

9 83 F Cerebral thrombosis Benign nephro- 190 

sclerosis 

10 &3 M Myocardial infarction Cortical cysts, 340 

bilateral 





to determine this point, glass spheres were injected into the renal 
arteries of living anesthetized animals. 


Method.—Experiments were performed on 14 healthy adult male rabbits. With 
the animal under ether anesthesia the left renal artery was exposed through the 
abdomen, because of greater ease of exposure and manipulation. The adrenal gland 
on the same side was tied off, since part of its blood supply is derived from the 
renal artery. In 7 rabbits the renal capsule was intact, and in 7 animals the capsule 
was stripped. Glass beads suspended in a mixture of a saline solution and rabbit 
erythrocytes were injected into the renal artery with an “asepto” syringe through 
an 18 gage needle. 

Technical difficulties, such as hemorrhage and cannulation of veins, precluded 
the recovery of spheres directly from the renal vein, and, therefore, some other 
way of recovering them from the venous circuit was necessary. In previous 
studies,? it was observed that the lungs trapped practically all of the beads injected 
intravenously into living rabbits, and the lungs, therefore, were used as a trap 
for beads which entered the venous circulation. Since beads were injected into the 
renal artery, any beads recovered from the lungs had to pass through the kidney 
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and enter the venous circulation. The heart and lungs were removed two to five 
minutes after the injection into the renal artery. These tissues were completely 
digested by hot concentrated potassium hydroxide, and the glass beads were recov- 
ered after several washings with water. 

Inasmuch as the renal artery of a rabbit is small and the 18 gage needle used 
for injection completely fills the lumen of the artery, the flow of blood into the 
kidney is momentarily halted, resulting in renal ischemia. Because this unphysio- 
logic factor could not be prevented in an animal as small as the rabbit, with the 
method of study used, animals with renal arteries of larger caliber were studied. 
For this reason injections were made into the renal arteries of 2 dogs in exactly 
the same manner as already outlined. In the dog, the renal flow of blood was not 
appreciably impaired by the insertion of the needle into the renal artery. The 
renal capsule was intact in 1 dog; in the other the kidney was decapsulated. 


Results——Following the injection of glass spheres into the renai 
arteries of the 14 rabbits and 2 dogs, the spheres were recovered from 


TABLE 3.—Diameters of Spheres Recovered from Lungs of Rabbits and Dogs 














Diameter of Largest 


No. of Sphere Recovered from 

Animal Lungs (Microns) 
OE Dee eer i? Sad se tin Sa Dees neat 100 
Rabbit 2. Sioa shthetaahies ih dausly 4rkd ks wich ae een meee 90 
Rabbit 3 Re winke 8a Lo ate mind cnt MenakG hee niin ce Guia kee Ee aE ae 110 
Rabbit 4... cians iin ids ae a biah ee web wae hawk OMe beeen k ke 160 
EEE 535-5 sce aa eM aN hina hs as 5 ae aed bes Whoo Cae E eee eee 160 
RG cs phe caus psnnnbeGeS endo saeaneesiess crionesnakahestaknee 100 
Rabbit 7.. heh ty Pate eee Terre PN A Re ERR a int eee, PETE 150 
RI RS. An) oh cen cacnbiuwsnesaaskantgnsdvubucsseceeagnen 170 
RS Ae oho oe kd ness Bae ns amen aay eee aa ale 80 
NNER Ss Soo ceGh oven snes de isd SoD Cid CRON D Sees oe 50 
TL tic Lela cic seb iee deed banka inks Kkaeoneeseb eran eaows 140 
MSc oR CA ney puxnb ceeohwasctaswidone veaeeaa sabe iN eSeeakee 170 
Rc ck ia en eG as pada kceweephees und shale eb acews Sade eaeawhee 180 
OM oo sos. awag naire Ge adaews dab eek eee seeunsnsaubtdentees 160 
PE ci. ees ER tes cain bia sen mehNe Shae shen ARENAS SE REM aeed Ae 140 
Bohn xh tose As Raeacanenl Winalede send Ghbka Glbeenak penetnkemene 80 





* the lungs in every instance (table 3). In the series of 7 rabbits 
(rabbits 1 through 7) with the renal capsules intact, the largest spheres 
recovered varied in size from 90 to 160 microns, and in the rabbits 
with decapsulated kidneys (rabbits 8 through 14) spheres with diameters 
ranging from 50 to 180 microns were recovered from the lungs. The 
perfused kidneys were always packed with beads of all sizes up to 
440 microns in diameter, indicating that the injected spheres entered 
the kidney. No quantitative determination was made of the percentage 
of injected beads which reached the lungs. 

The results in the experiments with dogs confirmed the observations 
in the experiments with rabbits. In the dog with the intact renal capsule 
(dog 1), the largest sphere recovered from the lungs measured 140 
microns; in the dog with the decapsulated kidney (dog 2), the largest 
sphere recovered from the lungs was 80 microns in diameter. 
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The observations in these experiments indicate the existence ot 
arteriovenous shunts in the kidneys of living rabbits and dogs. 


COMMENT 


According to the classic concept of the renal circulation first worked 
out by Bowman,”* all of the arterial blood passes through the glomerular 
capillaries, and then via the efferent arterioles it enters a second capillary 
bed, the peritubular capillaries. This idea of the renal vascular system 
has served, up to the present time, as the basis of all physiologic 
studies of the flow of blood through the normal kidney. However, 
various vascular channels that by-pass glomeruli have been described 
in the literature. Shonyo and Mann’*® have listed these by-passing 
vessels as follows: (1) a direct continuation of the interlobular artery 
into capillaries of the cortex, (2) Ludwig’s arteriole, that is, a branch 
from an afferent arteriole in the boundary zone which passes directly 
into the medullary capillaries, (3) arteriae rectae verae, that is, branches 
from the arcuate arteries or the bases of the interlobular arteries which 
pass directly into capillaries in the medulla, and (4) direct arteriovenous 
shunts between the larger vessels. 

The present investigation has demonstrated the existence of those 
vascular channels which by-pass all of the capillary beds in the kidney 
of the rabbit, the dog and human subjects. These channels must 
represent direct arteriovenous shunts. The present studies offer no 
information concerning the other short-circuiting vessels which terminate 
in capillaries. No exact anatomic localization of arteriovenous anas- 
tomoses in the kidney was attempted, except for showing that these 
shunts were present in the decapsulated kidney and therefore were 
present in the body of the kidney proper. 

Since the spheres which passed through the arteriovenous shunts 
were recovered from the lungs, it is obvious that many of the larger 
spheres must have settled all along the way from the renal vein to 
the lung via the inferior vena cava and the right side of the heart. 
In fact, in the one experiment, when the inferior vena cava was examined 
for spheres, larger beads were seen in this location than in the lung. 
Therefore, it is probable that even larger spheres than recorded on 
the basis of experimental procedure must have traversed the arterio- 
venous communications. 

The method of study employed in this investigation cannot be 
used to determine the number of arteriovenous communications in 
the kidney A mathematical formula has previously been devised * 
which theoretically should have enabled us to determine the number 


15. Bowman, W.: On the Structure and Use of the Malpighian Bodies of the 
Kidney with Observations on the Circulation Through that Gland, Phil. Tr., 
London 132:57, 1842. 
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of communicating channels of different diameters in any organ. How- 
ever, since large beads settle out faster than small ones, this formula 
could not be applied. In the light of this factor of settling of the 
large spheres, it should be emphasized again that the actual diameters 
of the arteriovenous shunts are probably greater than indicated by 
the observations in the experiments with animals. 

- The demonstration of arteriovenous anastomoses in living rabbits 
and dogs affirms the validity of the postmortem observations in human 
subjects. Furthermore, the experiments with animals indicate that 
these anastomoses are patent and functioning during life. It is sug- 
gested that if glass beads can pass through these channels, blood may 
also flow through them. The functional significance of the renal 
arteriovenous shunts is not known, but on teleologic grounds they 
probably serve some useful function, since they have been demonstrated 
during life. It may be that their function is analogous to that of the 
glomic bodies in the digits, and they therefore may serve as a factor 
in the regulation and control of renal flow of blood. The demonstration 
of these shunts during life further contributes to the concept of an 
extraglomerular or accessory circulation in the normal kidney. Although 
there has been an accumulation of evidence delineating the anatomic 
components of an extraglomerular circulation, little is known about 
the percentage of renal flow of blood that is directed through the 
extraglomerular circulation under normal and pathologic conditions. 
If the concept of a functional extraglomerular circulation in the normal 
kidney is accepted, a reevaluation of the dynamics of renai flow of 
blood is in order. For example, clearance tests must be reconsidered 
in this light, with the possibility in mind that rather than measure 
total renal flow of blood, one measures that proportion of blood which 
goes to the renal tubules. This may be a variable fraction of the 
total renal flow of blood. Alterations of renal hemodynamics in reflex 
anurias, shock and other pathologic states may be intimately concerned 
with the role of an accessory renal circulation. 

Recently, a beginning in these directions has been made by Trueta 
and his associates ** in preliminary reports. They have demonstrated 
a physiologically active accessory medullary circulation in certain cir- 
cumstances. In their studies on rabbits they observed that “as a 
result of appropriate nerve-stimulation the blood may be diverted 


16. Trueta, J.; Barclay, A. E.; Franklin, K. J.; Daniel, P., and Prichard, 
M. M.'L.: Renal Pathology in the Light of Recent Neurovascular Studies, 
Lancet 2:237, 1946. The Lesser Circulation of the Kidney, editorial, ibid. 2:239, 
1946. Barclay, A. E.; Daniel, P.; Franklin, K. J.; Prichard, M. M. L., and 
Trueta, J.: Records and Findings Obtained During Studies of the Renal Circu- 
lation in the Rabbit with Special Reference to Vascular Short-Circuiting and 
Functional Cortical Ischemia, J. Physiol. 105:27P, 1946. 
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wholly or partly from the cortex and short-circuited through medullary 
(especially subcortical) blood channels.” Their histologic observations 
suggested the vasa recta and their loops in addition to a subcortical 
plexus of vessels as the by-passing channels involved. The arteriovenous 
shunts may serve as the pathways for the rerouting of the renal flow 
of blood described in Trueta’s experiments, although it is admitted 
that the blood could just as easily be diverted through medullary 
capillaries. At any rate, it is conceivable that a few arteriovenous 
communications could account for the passage of a great deal of blood. 

At the present time, arteriovenous anastomoses have been described 
in many tissues and organs. In his classic monograph, Clara‘ listed 
the following sites where arteriovenous anastomoses have been observed : 
nose, ear, glomus coccygeum, ovaries, submandibular salivary gland, 
kidney, stomach, small intestine, mesentery, lymph nodes and brain. 
In our laboratory these shunts have been demonstrated in the human 
heart and kidney. All of this evidence suggests a universal distribution 
of arteriovenous anastomoses and a fundamental, but as yet poorly 
understood, role in the local regulation and control of the circulation. 


SUMMARY AND CONCLUSIONS 


Glass spheres of known size were injected into the renal arteries 
of normal human kidneys post mortem, and the existence of arterio- 
venous anastomoses was indicated by recovery from the renal vein of 
spheres with diameters many times greater than the average diameter 
of a capillary. The recovered spheres measured 90 to 440 microns 
in diameter. These large spheres were recovered from the renal veins 
of kidneys with and without intact capsules, showing that arteriovenous 
anastomoses were present in the body of the decapsulated kidney. 

The existence of renal arteriovenous anastomoses during life was 
demonstrated by injection of glass spheres into renal arteries of living 
anesthetized rabbits and dogs and the recovery of spheres measuring 
50 to 180 microns in diameter from the venous circulation. These 
observations were obtained in animals with and without intact renal 
capsules. 

Since it was observed that renal arteriovenous anastomoses were 
present and patent in vivo, it is suggested that they function and have 
physiologic significance during life. 














THROMBOSIS AS A COMPLICATION OF 
INTERNAL DISEASES 


SIXTEN KALLNER, M.D. 
STOCKHOLM, SWEDEN 


N FORMER years it has chiefly been surgeons who have spoken of 

thrombotic complications. In the medical services thrombosis and 
thrombophlebitis have more often been considered as independent ill- 
nesses and have as a rule been treated by strict confinement of the 
patient to bed for a long period. 

Recently, however, observations have led to the conclusion that 
thrombosis can occur as a complication of a number of internal diseases 
in cases other than those in which old age and long confinement to bed 
have predisposed to its occurrence. It may develop i in cases of meus 
and bronchopneumonia, cardiac disease and anemia. 

The danger of the occurrence of thrombosis in pneumonia is 
illustrated by the following case. 

In a man 55 years of age pneumonia developed five days before he was admitted 
to the hospital. He was given sulfadiazine therapy, but his temperature remained 
at about 100.4 F. (chart 1A). No signs of continuing pneumonia were present, 
nor could any reason for the fever be detected. After he had been in the hospital 
two weeks pulmonary embolism developed suddenly, which resulted in death. The 
autopsy revealed thrombi in the vessels of the lower part of both legs and large 
embolic masses in the pulmonary arteries. 

Apart from the rise in temperature there was in this case no symptom 
which suggested the presence of thrombosis. 

In cases of pneumonia the temperature frequently does not return 
to normal. The cause varies. In a number of cases a severe pleuritic 
effusion is in the process of development and can cause the rise in 
temperature, but in a not inconsiderable number a thrombosis, usually 
localized in the venous system of the pelvis or of the lower extremities, 
has developed. Small pulmonary emboli from this source accompanied 
with a small quantity of blood-streaked sputum are extremely common 
in the course of pneumonia. It has even been considered that blood- 
streaked sputum is part of the symptomatology of pneumonia, especially 
when the amount of sputum increases. It has been supposed that 
mechanical strain on the vessels, due to the cough, has caused rupture. 
This is true only in exceptional cases, since this blood-streaked sputum 
is found even when the cough has been quelled by narcotics. In my 
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opinion small pulmonary embolisms are the cause, pointing to the exist- 
ence of a thrombosis which should immediately receive specific therapy. 
The appearance of blood-streaked sputum is therefore an important 
symptom which suggests the presence of a thrombosis giving rise to 
emboli. Such a thrombosis can often be difficult of diagnosis. As in the 
case mentioned, a large thrombosis can occur without subjective 
symptoms, and even objective signs can be lacking in the course of a 
routine examination. This is especially true when the thrombus is 
localized in the pelvic veins. 

My colleagues and I have therefore given anticoagulants in all cases 
of pneumonia in which the temperature has not returned to normal after 





_ Fig. 1.—A, temperature of a patient with bilateral bronchopneumonia treated 
with sulfonamide compounds; B, effect of “dicumarol” on the temperature of a 
patient with bronchopneumonia. 


therapy with sulfonamide drugs or penicillin, and in which there has 
been no reason to suspect the development of an effusion or the presence 
of some septic complication. The results have been remarkable, as can 
be seen from the following cases. 


A 40 year old man (chart 1B) suffered from severe ulcerative colitis. Colos- 
tomy was performed. Bilateral bronchopneumonia developed postoperatively, and 
sulfonamide compounds and penicillin were given. The general condition was poor. 
Despite chemotherapy the temperature varied between 38 C. (100.4 F.) and 40 C. 
(104 F.) for twenty-four days. “Dicumarol” was then administered, and within 
three days the patient was afebrile. 

A 66 year old woman (chart 2 4) who had previously been treated for hyper- 
tonia and cardiac insufficiency was admitted to the hospital suffering from bilateral 
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bronchopneumonia. She was treated with sulfadiazine and penicillin for six weeks, 
without any improvement. “Dicumarol” was then administered, and the temperature 
went down rapidly, the pulmonary symptoms regressed and the patient became 
afebrile and was discharged from the hospital free from symptoms after one and 
a half weeks. 

A 62 year old man (chart 2B) contracted bronchopneumonia and was treated 
with sulfadiazine. After six days of chemotherapy the temperature was still 
between 38 C. (100.4 F.) and 39 C. (102.2 F.). “Dicumarol” was administered, 
and after three days he was free from symptoms. 


In many cases in which the pneumonia is resistant to sulfonamide 
compounds or penicillin a complicating deep thrombosis is the cause. 
Therapy with heparin or “dicumarol” has given rapid results in such 
cases. The temperature has usually become normal after three to 
four days. The therapeutic technic is as follows: Usually during the 
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Fig. 2.—Charts of 2 patients with bronchopneumonia. A, effect of heparin and 
“dicumarol” on the temperature; B, effect of “dicumarol” on the temperature. 


first two to three days 100 or 125 mg. of heparin is given three to four 
times a day together with “dicumarol.” Thereafter the use of “dicuma- 
rol” is continued, so that the prothrombin index remains at approximately 
30. Simultaneously with the inception of treatment the patient is 
allowed to move about in bed, carefully at first. Massage is then given, 


.and movement of the lower extremities and the trunk is permitted. The 


“dicumarol” therapy is continued until the patient is out of bed and 
moving about freely. 

In a number of cases “dicumarol” alone has been used. It is, however, 
an advantage to begin with heparin, since an anticoagulant effect is thus 
obtained at once instead of after two or three days. Since it is now 
known that the thrombi increase rapidly if untreated, it is important to 
prevent the growth as quickly as possible. However, the effect of 
“dicumarol” varies considerably. The result of a certain dose cannot be 
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estimated in advance, and continual control of the prothrombin index is 
thus necessary. The effects of “dicumarol” are particularly variable in 
patients in the higher age groups. 

Anticoagulants have been used not only for sequelae of pneumonia 
but also for suspected thrombotic complication in cases of cardiac 
disease (chart 3), anemia and parturition, for the treatment of elderly 


Day 





Fig. 3.—Effect of heparin and “dicumarol” on the temperature of a patient with 
cardiac disease. 
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Fig. 4.—Effect of heparin on the temperature of a patient with anuria caused 
by Rh sensitization. 


patients who have been confined to bed for a long time and in cases in 
which a manifest thrombosis has been present. 

We have made an ever increasing use of anticoagulants in the treat- 
ment of cardiac infarctions. It is, however, too early as yet to make 
any statement regarding the results, since it is always difficult to 
predict the course of this disease. 

It is well known that in chronic cardiac disease with insufficiency the 
tendency to thrombosis is increased. As soon as thrombosis has been 
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suspected heparin and “dicumarol” have been administered, and the 
results have been remarkable, as can be seen from the diagram. 

Treatment with heparin has also been given in a number of special 
cases. An Rh-negative patient had received several transfusions of 
Rh-positive blood, which resulted in a sensitization. After the next 
transfusion a severe hemolytic reaction developed, with clear, red-colored 
urine, fever and subsequent icterus (chart 4). Anuria was present, 
and it could not be resolved by means of intravenous infusions. Two 
hours after the inception of heparin therapy the-anuria cleared up, and 
long fibrin casts of tubuli were voided. Fibrin clots were thus pre- 
cipitated in the tubules during the shock suffered by the patient in 
connection with the hemolysis. These clots could not, however, be 
retained in the tubules without a continuous precipitation of fibrin 
taking place. When this process was checked by the heparin, the clots 
loosened and the urine could once more be excreted. 

The same course has been observed in cases of fibrinous bronchitis. 
When a tough or half solid expectorate with fibrin casts of the bronchi 
is observed, it is perhaps a temptation to produce a looser secretion 
by means of expectorants. However this results only in an increased 
secretion which because of the deposits of fibrin is still more trouble- 
some. Thus, expectorants are contraindicated in such cases. Ephedrine 
and epinephrine should be given to relieve the bronchial spasms and 
heparin to decrease or counteract the deposit of fibrin. I have seen such 
good results from this treatment that I am tempted to characterize 
it as life saving. 

SUMMARY 

In cases of pneumonia the temperature sometimes does not return 
to normal but remains subfebrile or afebrile. The possibility of a 
thrombosis must be considered. The appearance of blood-streaked 
sputum in these cases is probably a sign of pulmonary embolism 
pointing to the existence of a thrombosis. In 3 such cases anti- 
coagulant therapy with heparin and dicumarol produced rapid recovery. 
Heparin has been used in an instance of anuria caused by a hemolytic 
reaction after blood transfusion. Two hours after heparin was given 
the anuria cleared up. Heparin has also been successfully used together 
with ephedrine in cases of fibrinous bronchitis. 




















HYPOPROTHROMBINEMIA 
Effect of Transfusions of Blood Fortified by Administration of Vitamin K to Donors 


HUGH R. BUTT, M.D. 


THOMAS 8B. MAGATH, M.D. 
AND 


THOMAS H. SELDON, M.D. 
ROCHESTER, MINN. 


EMORRHAGES resulting from deficiency of prothrombin can 
in most instances be adequately controlled by the judicious use 
of vitamin K. However, it was noted early+ that in certain patients 
with severe hepatic damage the deficiency of prothrombin could not 
be corrected even with large amounts of vitamin K administered over 
long periods. It has always been assumed that the ineffectiveness of 
vitamin K in such patients was the result of an inadequacy of hepatic 
parenchyma to utilize vitamin K in the production, or activation, of 
prothrombin. Hemorrhage in these persons is likely, and even repeated 
transfusions of whole blood often will not prevent a fatal outcome. 
Various types of treatment have been employed in such cases, but 
transfusions of whole blood have been by far the most successful. It 
is well known that even whole blood seldom is capable of maintaining 
normal levels of prothrombin much longer than a few hours. In 
addition to this group of cases of severe chronic hepatic damage there 
has recently been added the group of fulminant cases of acute infectious 
and serum hepatitis in which there may also develop deficiencies in 
prothrombin which cannot be corrected by the usual methods. 


The present study was initiated by the report of Kinsey,? who 
apparently was observing instances of severe hepatitis with hemorrhagic 
manifestations which could not be controlled by administration of 


From the Division of Medicine (Dr. Butt), the Division of Clinical Labo- 
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vitamin K or transfusion of whole blood. In attempting to controi 
the hemorrhage, he administered 18 mg. of vitamin K intramuscularly 
to donors twenty-four hours prior to withdrawal of blood for trans- 
fusion. He reported that such blood, when administered to bleeding 
patients who did not respond to the usually effective measures, caused 
the cessation of hemorrhage and increase in the level of prothrombin 
in four hours. He reported 4 cases in which the patients responded 
in a similar manner to this form of treatment. The following study 
was undertaken in an effort to repeat, so far as possible, Kinsey’s 
observation. 
METHODS AND MATERIALS 


The prothrombin time was measured by the methods of Quick 
as used in the Mayo Clinic*; the plasma is undiluted. The 
normal range varies between seventeen and nineteen seconds by this 
method. 

The proper type of whole blood was obtained from professional 
blood donors and was administered within an hour after withdrawal. 
The blood referred to in this report as “fortified blood’ was that 
withdrawn from a donor twenty-four hours after he had received 18.5 
mg. of vitamin K intravenously. The commercial synthetic compound 
with vitamin K activity administered by mouth was 4-amino-2-methyl- 
1,4-naphthol hydrochloride, and that administered intramuscularly and 
intravenously was menadione bisulfite. 

The patients employed in this study were all hospital patients and 
were suffering from severe hepatic damage, although none was actively 
bleeding. 

REPORT OF CASES 

Case 1—A man aged 53 years was admitted to the clinic on April 28, 1946, 
and dismissed May 15, with a diagnosis of cirrhosis of the liver. He gave a 
history of chronic alcoholism for six to eight years. About two or three years 
prior to admission, ascites developed, and at the time he had decided hematemesis ; 
since then he had had three hemorrhages from the upper part of the gastro- 
intestinal tract and had vomited blood. Tarry stools occurred at each episode. 
In December 1945, he was in hepatic coma for five days. 

At the time of admission to the clinic he was semistuporous and had a strong 
fetor hepaticus; pulsating telangiectases were noted on the right upper eyelid, 
with xanthomatous patches beneath both lower lids. There was a rough systolic 
murmur at the apex, probably the result of early rheumatic fever. His ascites 
was mild, but his liver extended past the umbilicus and was rough and hard. 

Laboratory examinations revealed the presence of bile in the urine; the con- 
centration of hemoglobin was 9 Gm. per hundred cubic centimeters of blood; 
erythrocytes numbered 3,870,000 and leukocytes 3,500 per cubic millimeter of 
blood; the routine serologic test for syphilis gave negative results. Roentgeno- 
grams of the stomach and the esophagus showed possible varices; those of the 


3. Magath, T. B.: Technic of the Prothrombin Time Determination, Am. J. 
Clin. Path., Tech. Supp. 3:187-189 (Sept.) 1939. 
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thorax disclosed no abnormalities. Esophagoscopy showed varices involving the 
lower third of the esophagus. Blood smears showed moderately severe hypo- 
chromic anemia with increased regeneration. Fats in the blood were normal; 
the level of urea in the blood was 18 mg. per hundred cubic centimeters; serum 
bilirubin, delayed direct reaction with indirect bilirubin, was 2.1 mg. per hun- 
dred cubic centimeters. Serum proteins were 7.2 Gm. per hundred cubic centi- 
meters; the albumin-globulin ratio was 1.46 to 1; a sulfobromophthalein sodium 
test for hepatic function disclosed grade 2 dye retention. 

The prothrombin times for this patient over a period of’ fifteen days are 
shown in figure 1. He received 4 mg. of vitamin K orally for the first five days 
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Fig. 1.—Prothrombin times in case 1. 


of the study; on the seventh day he received 500 cc. of fresh whole blood, and 
simultaneously 60 mg. of vitamin K was administered intravenously. On the 
thirteenth day 500 cc. of fortified blood was administered. It will be .noed 
that neither procedure had any appreciable immediate or delayed effect on the 
prothrombin time. 


Case 2.—A woman aged 58 years was admitted to the clinic April 15, 1946. 
She stated that since January she had had painless jaundice, which had gradually 
decreased. In March, she noted some discomfort in the right upper quadrant 
of the abdomen, and ascites slowly made its appearance. Physical examination 
yielded essentially negative results except for slightly icteric scleras and an 
enlarged abdomen filled with ascitic fluid. There were no spider angiomas and 
no fetor hepaticus. While she was in the hospital, a slow rise in the level of 
serum bilirubin occurred and pruritus and. fluid in the right and left sides of 
the thorax developed, as well as a long prothrombin time, which did not respond 
to treatment with vitamin K. Paracentesis was carried out on May 8, at which 
time 6,500 cc. of straw-colored fluid were removed; cultures of the fluid were 
negative, and no malignant cells were seen. 


Laboratory examination showed that the concentration of hemoglobin was 
14 Gm. per hundred cubic centimeters of blood; erythrocytes numbered 4,600,000 
and leukocytes 6,400 per cubic millimeter of blood. The urine was normal; a 
flocculation test for syphilis gave negative results. Roentgenograms of the 
thorax disclosed a moderate amount of fluid in both bases; those of the stomach 
revealed no abnormalities. Blood smears revealed mild macrocytosis. An electro- 
cardiogram disclosed no abnormalities. Serum bilirubin was 6.6 mg. per hundred 
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cubic centimeters on admission and within fifteen days had increased to 17.5 
mg. per hundred cubic centimeters; there was a gradual decrease to normal levels. 
Serum proteins were 6.4 Gm. per hundred cubic centimeters. 

It was our opinion that the most probable diagnosis was intrahepatic jaundice. 
Whether or not this was the result of sporadic infectious hepatitis could not be 
determined. The patient was dismissed from the clinic on May 17, and on 
November 7 she wrote to state that her ascites was not re-forming and that she 
was gaining weight and feeling much improved. 

The results of the tests for prothrombin for this patient are illustrated in 
figure 2. During the first twelve days of observation she was given 4 mg. of 
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Fig. 2.—Prothrombin times in case 2. 


vitamin K by mouth daily. On the thirteenth day she was also given 60 mg. 
of vitamin K intravenously and on the following day 500 cc. of whole fresh 
blood. No downward trend in the prothrombin time was noted. Two days 
later 500 cc. of fortified blood was administered. This was followed the next 
day by a tendency to longer prothrombin times. 


Case 3—A 46 year old man was admitted to the clinic Jan. 3, 1947. He 
stated that in April 1944 he had undergone cholecystectomy and choledocholithotomy 
for stones in both the gallbladder and the duct. After operation, the jaundice 
cleared, but bile continued to drain through a fistula. Finally the fistula closed 
in November, but the patient again became jaundiced, and in December the com- 
mon duct had been explored. A T tube was placed in the common duct, but 
bile continued to drain around the T tube for three months. Jaundice never 
completely cleared and had persisted to the time of admission. 

Physical examination showed the patient’s weight to be 161 pounds (73 Kg.) ; 
he was decidedly jaundiced, and the edge of the liver was palpable 3 finger- 
breadths down in the midline. Laboratory examination revealed normal urine; 
concentration of hemoglobin was 9.7 Gm. per hundred cubic centimeters of blood, 
erythrocytes numbered 4,710,000 and leukocytes 11,400 per cubic millimeter of 
blood; a flocculation test for syphilis and roentgenologic examination of the 
thorax gave negative results. The level of bilirubin in the serum was 8.5 mg., 
cholesterol 143 mg. and cholesterol esters 52 mg. per hundred cubic centimeters. 

It was our opinion, which subsequently was confirmed by surgical interven- 
tion, that this patient had a stricture of the common duct. 
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The levels of prothrombin, as indicated by the tests of this patient, are shown 
in figure 3. It will be noted that on admission to the hospital, the prothrombin 
time was one hundred and sixty-four seconds and that within eight days the 
prothrombin time had decreased to about forty seconds, without any form of 
specific treatment and without vitamin K. The patient did receive intravenously, 
during this period, several liters of dextrose and isotonic solution of sodium 
chloride and a good general diet. The exact reason for this improvement of 
prothrombin values is not clear, but it is fairly common when one is dealing 
with prothrombin times of more than forty or fifty seconds in such patients. 
The change is reasonable when one considers that the levels of prothrombin, as 
indicated by a time of forty seconds and one of one hundred and sixty-four 
seconds, represent a difference of the order of only 10 per cent in prothrombin 
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Fig. 3—Prothrombin times in case 3. 


values. The administration of 500 cc. of fortified blood, when the prothrombin 
time was forty seconds, was followed by only a slight fall in prothrombin time. 
However, on the following day, the intravenous administration of 2 img. of 
vitamin K was followed by a return of the prothrombin time to a normal level. 

It appears safe to conclude that neither form of treatment had any. particular 
effect on the prothrombin level of this patient. It does illustrate how one may 
be deceived by results observed after applying some therapeutic agents. Had the 
long descending curve not been established prior to the administration of fortified 
blood and vitamin K, the return to normal might easily have been attributed 
to the use of either or both of these agents. 


SUMMARY 


Data are presented on 3 patients with severe hepatic damage, 
accompanied with deficiency of prothrombin in the circulating blood. 
Again, it has been confirmed that the deficiency of prothrombin, 
which frequently occurs in this type of condition, usually cannot be 
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corrected by administration of vitamin K or of whole blood. It also 
has been shown that the administration of so-called fortified blood 
is not effective in altering the prothrombin level in these patients. 
Not only was fortified blood of no value in correcting prothrombin 
deficiency in these patients with severe intrahepatic disease but, likewise, 
it was ineffectual in the correction of the deficiency in external biliary 
obstruction, in spite of the fact that the latter condition was quickly 
remedied by the administration of vitamin K alone. 

















INTRAVENOUS ADMINISTRATION OF MERCURIAL 
DIURETICS IN MAN 


Immediate Effect on the Electrocardiogram 
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ESPITE extensive use of mercurial diuretics by intravenous 

administration for many years and although fatalities following 
such injections have been reported, the literature contains only a few 
articles concerning the immediate effect of mercury on the human 
heart as determined by electrocardiographic tracings. In order to 
study this effect, the present investigation was carried out. 


METHODS 


A total of three hundred and nineteen intravenous injections of mercurial 
diuretic preparations were administered in 137 patients. The majority of patients 
were hospitalized during the period of study, the remainder being ambulatory. 
The main diagnosis was chronic congestive heart failure in 121 cases, cirrhosis 
of the liver in 7, the nephrotic stage of chronic glomerular nephritis in 6 and 
thyrotoxicosis in 3. The patients were unselected, the only requirement for 
inclusion in this series being the need for diuresis. 

Three different mercurial preparations were investigated. Mercurophylline 
injection was administered one hundred and sixty-four times, meralluride one 
hundred and forty-six times and mersalyl with theophylline nine times. Sixty-four 
patients received only one injection and 73 more than one injection. In 1 case 
1 cc. of the drug was administered and in the remainder 2 cc. In a small number 
of cases the mercurial preparation was first diluted to 10 cc. with isotonic solution 
of sodium chloride or distilled water, but in most cases it was administered 
without dilution. No effort was made to control the rate of injection, but as a 
rule the duration of the injection was one to two minutes. 

At least one four lead electrocardiogram (three standard limb leads and one 
precordial lead) was taken on each patient during the course of the investigation, 
but for the purposes of this study lead II only was employed. A control lead II 
electrocardiogram was obtained in each case immediately prior to the injection 
of the mercurial preparation. During the period of administration of the drug 
the electrocardiographic pattern was recorded continuously. Thereafter records 
of fifteen to twenty seconds in duration were obtained at one, two, three and four 
minute intervals after completion of injection. 
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RESULTS 


Any significant changes observed during and after injection were 
considered to be a manifestation of the immediate effect of the mer- 
curial diuretic. These included frequent auricular and ventricular pre- 
mature beats, or a definite increased frequency of these in comparison 
with the control electrocardiogram, and paroxysmal ventricular tachy- 
cardia. Significant electrocardiographic abnormalities were produced 
by the intravenous injection of mercurial diuretic preparations with 
thirty-six, or 11 per cent, of the three hundred and nineteen injections 
investigated ; on 8 occasions abnormalities occurred two or more times 
in the same patient. Of the 137 patients investigated, significant 
changes were demonstrated in the electrocardiogram on 27, or 20 per 
cent, after intravenous administration of the drug. On 23 additional 
occasions the electrocardiogram taken during or immediately after the 
administration of the drug revealed a single auricular or ventricular 


TABLE 1.—Electrocardiographic Abnormalities Induced by the Intravenous 
Injection of Mercurial Diuretics 
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(With bigeminy) 
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(With bigeminy) 





premature beat not present on the control strip. This type of change, 
however, was not considered definite enough to be listed as an abnor- 
mality induced by the mercurial diuretic. 

One hundred and twenty-one patients of the entire group studied 
had chronic congestive heart failure. These patients, most of whom 
were receiving digitalis, were given a total of two hundred and seventy- 
two injections. On 31 occasions (11 per cent) abnormal electrocardio- 
grams were produced. Six patients with the nephrotic stage of chronic 
glomerular nephritis were given a total of thirty-four injections, of 
which three (10 per cent) were followed by abnormal reactions. Seven 
patients with cirrhosis of the liver received ten injections, of which 
two (20 per cent) produced abnormal electrocardiograms. Three 
injections in 3 patients with thyrotoxicosis did not induce electrocardio- 
graphic abnormalities. 

There was no difference in the incidence of abnormal electrocardio- 
grams following the intravenous administration of mercurophylline 
injection, meralluride or mersaly! with theophylline. 

The electrocardiographic abnormalities recorded during or within 
the first four minutes after the intravenous injection of the mercurial 
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compound were as follows: Auricular premature beats were found on 
7 occasions and ventricular premature beats on 26; in 2 cases simul- 
taneous disturbances of both auricular and ventricular rhythms were 
produced (table 1). In 5 instances the ventricular premature beats 
arose from different foci. Paroxymal ventricular tachycardia occurred 
on 1 occasion. 

Of the 27 patients for whom abnormalities in the electrocardiogram 
were found, half were men and half were women. Twenty-three patients 
had chronic congestive heart failure, 2 had cirrhosis of the liver and 
2 were in the nephrotic stage of chronic glomerular nephritis. The 
control electrocardiogram demonstrated normal rhythm in 54 instances 
and arrhythmia in 24 instances (table 2). Changes in the electro- 
cardiogram were produced by meralluride on 16 occasions, by mercuro- 
phylline injection on 19 and by mersalyl with theophylline on 1. Ten 
patients received only one injection, while 17 were given more than 
one injection. For 7 of the latter group abnormalities in the electro- 
cardiogram were produced on 2 occasions, and for 1 patient they were 
produced on 3 occasions. The incidence of abnormal reactions in the 
various diagnostic groups according to the diuretic employed and to 
the control rhythm prior to injection is shown in tables 3, 4 and 5. 

The control rhythm prior to injection, with the possible exception 
of auricular premature beats, did not affect the frequency of abnormal 
electrocardiograms after the intravenous administration of the mercurial 
compounds. In 5 patients who showed significant ventricular abnor- 
malities (4 with bigeminy and 1 with ventricular tachycardia) prior 
to injection no significant changes were induced. Auricular fibrillation 
and bundle branch block in the control electrocardiograms were not 
associated with an increased incidence of abnormal reactions. The 
control electrocardiogram showed abnormally prolonged P-R intervals 
in 22 cases, but this finding was not associated with a higher incidence 
of abnormal reactions to the mercurial injection. The P-R interval 
increased in some cases during or after administration of the drug, but 
this was not associated with a higher incidence of arrhythmias and was 
not tabulated as a significant change. Sinoauricular block occurred in 
3 patients. Aberrant ventricular conduction was observed to follow 
one of five injections of meralluride in a case of congestive failure, 
but no other abnormalities occurred and the case is not listed in the 
tables. Another abnormality observed in 1 case and not classified as 
significant or listed in the tables was pronounced notching of the P 
waves after the injection of mercurophylline. 


COM MENT 


The toxic manifestations occurring after the intravenous administra- 
tion of mercurial diuretic preparations have been summarized by DeGraff 
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and Nadler.'' The reactions may be classified into three main groups: 
those occurring during or within a few minutes after injection (immedi- 
ate effects) ; those occurring at a later period and presumably due to 
the accumulation of mercury within the body, and those following 
profuse diuresis and due to sodium and chloride depletion. 


TABLE 3.—Inctdence of Electrocardiographic Abnormalities in Relation to 
the Clinical Diagnosis 








Percentage of 
Number of Injections with 
Abnormal Abnormal! 
Numberof Number of Electro- Electro- 
Diagnosis Injections cardiograms cardiograms 


Ohronie congestive heart failure 272 11 
Nephrotic syndrome 34 q 10 
Cirrhosis of the liver 10 P 20 
I, aisndiessin'ancticecnasvsee 3 0 





TABLE 4.—Incidence of Abnormal Electrocardiograms in Relation to the 
Mercurial Preparation Employed 








Number of Percentage of 
Abnormal Abnormal 
Number of Electro- Electro- 
Preparation Injections ecardiograms cardiograms 


Mercurophylline injection 19 1i 
Meralluride 5 16 11 
Mersalyl with theophylline 1 ll 





TABLE 5.—Incidence of Abnormal Electrocardiograms in Relation to the 
Initial Cardiac Rhythm 








Number Percentage 
of of 

Number of Abnormal Abnormal! 

of Injec- Electrocar- Electrocar- 

Initial Rhythm Patients tions diograms diograms 


Number 


Normal rhythm 78 130 
Normal rhythm with intraventricular block 11 26 
Auricular premature beats 6 9 
Auricular and ventricular premature beats 

Ventricular premature beats 

Ventricular premature beats with bigeminy 

Auricular fibrillation 

Auricular fibrillation with ventricular premature beats 

Auricular fibrillation with bigeminy 

Ventricular tachycardia 


oor 





The immediate toxic reactions reported have consisted of sudden 
death, sudden dyspnea, palpitation, fainting, convulsions, apprehension, 
collapse, cyanosis, orthopnea and transitory pain in the chest.? The 


1. DeGraff, A. C., and Nadler, J. E.: A Review of the Toxic Manifestations 
of the Mercurial Diuretics in Man, J.A.M.A. 119:1006 (July 25) 1942. 

2. Wexler, J., and Ellis, L. B.: Toxic Reactions to the Intravenous Injection 
of Mercurial Diuretics, Am. Heart J. 27:86, 1944. 
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explanation of these phenomena has been varied and controversial. 
Although sudden death following the intravenous administration of a 
mercurial diuretic has been attributed to anaphylactic shock* and to 
speed shock,* it is now commonly believed that the various immediate 
reactions are similar in nature and are a result of cardiac arrhythmias 
produced by mercury.? This conclusion is supported by animal experi- 
mentation in which a variety of cardiac arrhythmias have been produced 
by the perfusion of isolated hearts with solutions containing mercury 
or by the intravenous injection of mercurial preparations into anes- 
thetized dogs and cats.® 

Investigations of the immediate effect of the mercurial diuretics on 
the human heart have been few. Bloom and Cashon ° studied the effect 
of mersalyl on 20 patients without cardiac disease by recording electro- 
cardiograms before the intravenous injection of 2 cc. of the drug and 
fifteen and thirty minutes after. No significant abnormalities were 
produced. Since the immediate toxic reactions reported have occurred 
within ten minutes after injection, it would appear that the interval 
between the control electrocardiogram and that taken after administration 
of the drug was too long and that significant immediate changes might 
have been missed. Volini, Levitt and Martin’ reported sudden death 
following the intravenous administration of “esidrone” (the sodium salt of 
pyridenedicarboxyl-beta-mercuri-y-hydroxypropylamide and_theophyl- 
line) in 2 cases in which electrocardiograms taken during and after the 
administration of the drug showed the development of fatal ventricular 
fibrillation. Ventricular premature beats were recorded electrocardio- 


3. Wolf, I. J., and Bongiorno, H. D.: Sudden Death with Salyrgan, Canad. 
M.A.J. 25:73, 1931. Greenwald, H. M., and Jacobson, S.: “Sudden Death Due 
to Mercurial Diuretics, J. Pediat. 11:540, 1937. Tyson, M. C.: Danger of Intra- 
venous Mercurial Injections in Nephrosis, J.A.M.A. 117:998 (Sept. 20) 1941. 
Vaughn, J.: Immediate Fatality Following Use of Mercupurin, J. Pediat. 24: 
680, 1942. ; 

4. Hyman, H. T.: Sudden Death After Use of Mercurial Diuretics, Corres- 
pondence, J.A.M.A. 119:1444 (Aug. 22) 1942. 

5. Salant, W.: The Pharmacology of Mercury, J.A.M.A. 79:2071 (Dec. 16) 
1922. Jackson, D. E.: The Pharmacological Action of Mercury in Organic 
Combination, J. Pharmacol. & Exper. Therap. 29:471, 1926. McCrea, F. D., and 
Meeks, W. J.: The Action of Mercury upon the Heart, ibid. 36:295, 1929. 
Johnston, R. L.: Cardiac Depression by Mercurial Diuretics, J. Lab. & Clin. 
Med. 27:303, 1941. DeGraff, A. C., and Lehman, R. A.: The Acute Toxicity 
of Mercurial Diuretics, J.A.M.A. 119:998 (July 25) 1942. Barker, M. M.; 
Lindberg, H. A., and Thomas, M. E.: Sudden Death and Mercurial Diuretics, 
ibid. 119:1001 (July 25) 1942. 

6. Boom, N., and Cashon, G.: The Effect of Salyrgan (Mersalyl) on the 
Electrocardiogram, Virginia M. Monthly 62:216, 1935. 

7. Volini, I. F.; Levitt, R. O., and Martin, R.: Studies on Mercurial Diuresis: 
Sudden Death Following Intravenous Injection; Report of Three Cases, with 
Electrocardiographic Studies in Two, J.A.M.A. 128:12 (May 5) 1945. 
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graphically on 1 patient by Ben-Asher immediately after the intravenous 
administration of a mercurial diuretic.* 

The results of the present investigation show that disturbances in 
cardiac rhythm in man commonly follow the intravenous administration 
of mercurial compounds. The preponderance of ventricular abnor- 
malities observed in this study indicates that the ventricle is much more 
susceptible to the action of mercury than is the auricle. Although no 
deaths occurred in the present series, the possibility that the disturbances 
in cardiac rhythm induced by the drug might progress into a fatal or 
severe arrhythmia is always present. 

It is not possible to predict which patients will have immediate 
reactions after the intravenous administration of mercurial compounds. 
There is no evidence that dilution or changing from one preparation 
to another will prevent such reactions.2 The results of this stud) 
indicate that there is no difference in the incidence of toxic reactions 
produced by mercurophylline injection, meralluride or mersalyl with 
theophylline. The cardiac mechanism prior to injection, with the 
possible exception of auricular premature beats, does not affect the 
incidence of electrocardiographic abnormalities induced by the drug 
There is no difference between the frequency of arrhythmias produced 
in patients with chronic congestive heart failure and that produced in 
patients with the nephrotic stage of chronic glomerular nephritis. The 
number of injections given in cases with cirrhosis of the liver studied 
is too small to permit of any definite conclusion in this regard. Untoward 
reactions fréquently occur even though previous injections were unevent- 
ful; the reverse may be observed. Digitalis does not predispose to 
the production of arrhythmias after the intravenous injection of mer- 
curial diuretics. 

SUM MARY 

The immediate effects of the intravenous injection of mercurial 
diuretics on the human heart were investigated by means of electro- 
cardiograms taken before, during and at short intervals after the injec- 
tion of mercurophylline, meralluride and mersalyl with theophylline 
in 137 patients. Three hundred and nineteen individual observations 
were made, and in thirty-six of these significant electrocardiographic 
abnormalities were produced. The mercurial preparation employed, the 
presence or type of cardiac disease, the age of the patient, the use of 
digitalis and the cardiac rhythm prior to injection did not affect the 
incidence of the production of abnormalities. These abnormalities 
consisted of various disturbances in cardiac rhytlim ; no fatalities occurred 


in this series. 


8. Ben-Asher, S.: On the Toxicity of the Mercurial Diuretics: Observations 
on Eighteen Cases with Suggestions for the Prevention of Toxic Reactions. 
Ann. Int. Med. 25:711, 1946. 





MENINGOCOCCIC BACTEREMIA 


WORTH 8. DANIELS, M.D. 
WASHINGTON, D. C. 


ROM September 1940, when mobilization for World War II began, 

to August 1945 about 14,500 soldiers with meningococcic infec- 
tions were treated in army hospitals... This preliminary count is based 
on periodic summary reports in which bacteremia and meningitis are 
not differentiated, so that the exact number of cases of each form of 
the infection is not known. It is estimated, however, that not less 
than 5,000 soldiers were admitted with bacteremia uncomplicated by 
meningitis or with bacteremia prior to localization in the meninges.* 

It is the purpose of this paper to describe meningococcic bacteremia 
as it was seen among soldiers during World War II and to illustrate 
in a report of cases the various forms which the disease assumed. Since 
the fatality rate for all types of meningococcic infection in the army 
during World War II was less than 5 per cent, it seems worth while 
to review the methods of treatment used. 


The meningococcus probably invades the body from the nasopharynx, 
and infection in this region may or may not be indicated by clinical 
disease. The subsequent manifestations are those of sepsis and localiza- 
tion. During World War I, Herrick* and others showed that the 
course of events consists of an invasion of the blood stream and, if 
not prevented by spontaneous resistance or therapy, of localization in 
the meninges, joints, skin, eyes or other body tissues. 


It is essential to view the disease as a generalized infection that is 
sometimes overshadowed by the advent of the more dramatic symptoms 
of meningitis or fulminant bacteremia. It is highly important that the 
stage of bacteremia be recognized early and that the patient be treated 
promptly, for in this way the disease can usually be terminated before 
localization in the meninges occurs. If meningitis does supervene in 
spite of early treatment, the advantages of prompt therapy have been 


1. Data Assembled for the Author by the Medical Statistics Division, Office 
of the Surgeon General, United States War Department, Washington, D. C. 

2. Reports from various station hospitals in the United States, where careful 
studies were carried out, indicate that about one third of the patients were suffering 
from bacteremia without meningeal involvement at the time of admission. 

3. Herrick, W. W.: Early Diagnosis and Intravenous Serum Treatment of 
Epidemic Cerebrospinal Meningitis, J. A. M. A. 71:612 (Aug. 24) 1918. 
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afforded. In a large series of patients with meningococcic infection the 
disease was recognized in the stage of bacteremia in 35 per cent.* 
Meningococcic bacteremia began, as a rule, with prodromal symptoms 
of disease of the upper respiratory tract. After an indefinite period 
of from a day to a week or more, the manifestations became more acute. 
There was usually a sudden chill, with rapid rise in temperature, but 
the onset was occasionally gradual. Malaise, extreme weakness, aching 
of muscles, moderate headache, nausea, vomiting, pains in the joints 
or actual acute inflammation of joints developed. The most charac- 
teristic manifestation was the rash. Its presence was essential to 
clinical diagnosis prior to the advent of meningeal localization. The 
rash was at times so sparse that careful and frequently repeated search 
was necessary to find it, but often it was obvious and noted by the 
patient. A wide variety of forms of rash occurred, and knowledge of 
the variations was essential to the recognition of the disease. The 
commonest lesion was petechial or purpuric and varied from 1 to 15 mm. 
in diameter (fig. 14). In addition to this type, which has been 
emphasized in the past, other forms of rash not commonly described 
were generally seen. III defined faint pink macules similar to the rose 
spots of typhoid fever were common (fig. 1B). Sometimes these were 
evanescent, and not infrequently a scattered few constituted the only 
cutaneous manifestation. Maculopapular lesions (fig. 2.4) were usually 
present, and in some instances they had a central petechia. The larger 
ones of this type were nodular or plaquelike (fig. 2B) and often tender. 
When on the extremities, these nodules bore a striking resemblance 
to the smaller lesions of erythema nodosum. Combinations of the 
cutaneous manifestations occurred, and indeed most patients showed 
more than one type of lesion. The petechiae occasionally were present 
in the conjunctivas and in the oral mucous membranes. The rash 
occurred anywhere on the body but usually spared the face and was 
less common on the palms and soles. It often occurred in crops. The 
macular lesions sometimes receded with fall in temperature, only to 
reappear as the temperature again rose. The rapidity with which the 
rash often appeared made it necessary to examine carefully every 
patient suspected of having the disease at hourly intervals. It could 
advance from a few vague spots to a widespread eruption in a few hours. 
Some ecchymotic lesions became vesicular, and ulceration occasionally 
occurred. The rapid disappearance of the maculopapular component 
of the rash within twelve to eighteen hours after the beginning of 
sulfadiazine therapy was almost diagnostic of meningococcic bacteremia. 
In fulminant bacteremia a broadspread, extensive ecchymotic rash 


4. Daniels, W. B.; Solomon, S., and Jaquette, W. A., Jr.: Meningococcic 
Infection in Soldiers, J. A. M. A. 123:1 (Sept. 4) 1943. 
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developed (fig. 4). This in some cases involved 80 per cent of the 
body. Large areas of hemorrhage developed beneath the conjunctivas 


and the oral mucous membranes in a few patients. 











Fig. 1—A, pink macules and the common petechial and purpuric lesions of the 
skin in a patient with bacteremia. B, flat pink macuies resembling the rose spots 
of typhoid in a patient with bacteremia. 


Herpes simplex was common, usually occurring about the second 
day of the illness. Herpes zoster involving. the ophthalmic and maxillary 
branches of the fifth cranial nerve was observed. 
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The temperature of patients admitted with meningococcemia ranged 
from 97 to 106 F. It was generally between 101 and 102 F. Leukocyto- 
sis (15 to 50,000 cells per cubic millimeter) with an increase in noly- 
morphonuclear cells was the rule, but in a few cases the leukocyte count 
was normal. 

VARIATIONS IN MENINGOCOCCEMIA 

There was a simple acute form of meningococcemia, with fever, 

malaise, pains in joints, rash and leukocytosis. The progress of this 








Fig. 2.—A, raised pink and purplish papular and nodular lesions with a few 
scattered purpuric ones in a patient with bacteremia. B, flat pink macules and 
plaquelike lesions on the skin in a patient with bacteremia. 


type could be arrested in this stage by sulfadiazine therapy, as illustrated 
in the first case. 


Case 1—A soldier aged 34 years had had a slight cold for about two weeks 
before his admission to the hospital. During the afternoon of the day prior to 
his admission he rather suddenly began to feel unusually tired and to ache all 
over. During the night he had chilly sensations alternating with feverishness, and 
in the morning he had a moderately severe headache. He was acutely but not 
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seriously ill. His face was flushed, and his temperature was 101.3 F. There was 
slight inflammation of the nose and throat, and a maculopapular rash was scattered 
over the trunk and all extremities. The neurologic system was entirely normal. 
The white blood cell count was 19,800 per cubic millimeter, with 81 per cent poly- 
morphonuclear leukocytes. Blood cultured on admission yielded type I meningo- 
cocci. No lumbar puncture was done. As soon as the blood for culture had been 
taken sulfadiazine was given by mouth. The temperature was normal within 
two days. No signs of meningitis developed. 


The disease at times was relatively mild and subacute, so that the 
fever, malaise, pains in joints and rash suggested rheumatic fever, 
erythema multiforme or some other infection. The following case is 
illustrative. 


Case 2.—A soldier aged 21 years had been well until three days before his 
admission to the hospital, when he suddenly had a shaking chill, with the develop- 
ment of fever, malaise and sore throat. The only significant findings were a 
few erythematous blotches on the chest and the legs and a palpable spleen. There 
was a continuous fluctuating fever during the succeeding eleven days. A rash 
‘onsisting of macular, papular and nodular lesions with a few petechiae appeared 
n crops. Shortly after his admission redness, tenderness and swelling of the 
right ankle developed. The blood léukocyte count was 16,300 per cubic millimeter, 
with 73 per cent polymorphonuclear cells. Many erythrocytes were noted in 
several specimens of urine. The spinal fluid was normal. Blood cultures yielded 
type IIA meningococci. After the first dose of sulfadiazine by mouth, the temper- 
ature became normal and remained so. The rash faded promptly. 


The extraordinarily mild character which meningococcic infection 
«casionally assumed is illustrated by the following case.° 


Case 3.—The 10 year old son of an officer was admitted to an army hospital 
with minimal headache and fever (temperature, 100 F.). Admission. was granted 
only on the insistence of his apprehensive mother, who feared poliomyelitis. 
Because of pressure from the mother, examination of the cerebrospinal fluid and 
blood culture were carried out. The spinal fluid cell count was normal. Two days 
later both the blood and the spinal fluid were shown to contain Neisseria intra- 
cellularis. At this time one cutaneous lesion thought to be a small petechial 
hemorrhage was found on careful scrutiny. A second examination of the spinal 
fluid showed it to be normal. Culture of blood drawn on the third day again 
vielded meningococci. Since the patient had become afebrile and asymptomatic, 
no sulfonamide compounds wer2 given. Subsequent blood cultures were sterile. 
For ten days the patient was watched closely, and no recurrence of symptoms and 
no manifestations of illness developed. At this time a course of sulfadiazine therapy 
was started. The patient was discharged well after approximately three weeks’ 


observation. 

It is probable that during the periods of increased prevalence oi 
meningococcic infection some cases in which there was illness of mild 
character due to the presence of N. intracellularis were not detected 
and the patients recovered spontaneously. A number of patients were 
observed to recover from meningococcic bacteremia after minimal 


5. Turner, R. H.: Personal communication to the author. 
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amounts of a sulfonamide compound had been given. In some instances 
the total dose was as little as 2 Gm. These patients usually had a mild 
illness, with fever, and were given a single dose of sulfadiazine by the 
ward officer, after which no more of the drug was administered. Later 
the original blood cultures taken before therapy were shown to contain 
N. intracellularis, but the patients had by then become free of abnormal 
symptoms. 

In other patients the course was chronic and produced a persistent, 
low grade febrile illness. In the following case it was not severe enough 
to prevent the patient from continuing military. duty. 


CasE 4—A soldier aged 23 years was admitted to the orthopedic service 
because of an injured ankle. It was learned that for about three weeks he had 
been suffering fram malaise, evening feverishness and an intermittent eruption of 
red nodules on his legs. While he was in the hospital his temperature ranged 
from normal to 102 F. There was migrating arthralgia, and a scattered erythe- 
matous papular rash appeared. This was most apparent on the extremities. The 
leukocyte count was 12,600 per cubic millimeter, with 81 per cent polymorpho- 
nuclear leukocytes. Two blood cultures yielded type I meningococci. There were 
no meningeal symptoms or signs at any time, and the spinal fluid was normal. All 
manifestations cleared entirely within twenty-four hours after sulfadiazine was 
administered by mouth. The illness had been of four weeks’ duration prior to 
treatment. 

TRANSITION FROM BACTEREMIA TO MENINGITIS 


The recognition of meningococcic sepsis before invasion of the 
meninges occurred was relatively easy during the epidemic, when the 
index of suspicion was high. It is in the sporadic case that delay in 
diagnosis and treatment is likely. 


Case 5.—A private aged 20 years was admitted to the hospital with a history 
of sore throat which had been present for one week. On the day before his 
admission there was a sudden onset of shaking chills, fever and painful joints. 
There were a few small erythematous nodular lesions of the skin, and the pharynx 
showed mild inflammation. Both knees, both elbows and the right wrist and ankle 
were tender and warm but not red or swollen. The blood leukocyte count was 
11,500 per cubic millimeter, with 78 per cent polymorphonuclear cells. A tentative 
diagnosis of acute rheumatic fever was made and full dosage of salicylates pre- 
scribed. In spite of this medication the temperature ranged from normal to 102.4 
F. for the succeeding thirteen days. On the thirteenth day in the hospital there 
was a sudden rise in temperature to 105 F., with severe headache, nausea and 
vomiting. Within three hours the patient was stuporous and presented all the 
signs of severe meningitis. A dozen or so pinkish macules resembling rose spots 
were present on the trunk at this time. The spinal fluid contained 1,200 white 
blood cells per cubic millimeter, with 95 per cent polymorphonuclear leukocytes. 
Treatment with sulfadiazine resulted in recovery. It was begun before blood 
was taken for culture, which showed no growth. 


The next case illustrated the importance of cutaneous manifestations 
and how the absence of a persistent rash during the greater part of the 
stage of sepsis delayed diagnosis. 
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CASE 6.—The patient was admitted to the ward for patients with diseases of 
the respiratory tract, having had a cold with nasal congestion, slight cough and 
sore throat for one week. During the day before his admission he had severail 
slight chills and felt feverish. He vomited once. Examination revealed moderate 
inflammation of the nasopharynx and a discrete macular rash on the trunk and 
around the shoulder girdle, which disappeared within a few hours. For about 
eleven days the range of temperature was of the “septic” type, with daily elevations 
to 102 F. associated with polymorphonuclear leukocytosis. He complained of 
intermittent pain in the popliteal spaces, and it was thought that the tip of the 
spleen Was palpable. A diagnosis of subacute bacterial endocarditis was sug- 
gested, and repeated blood cultures were made. Ten days after his admission to 
the hospital the temperature rose to 103 F. and he appeared worse. There were 
no meningeal signs or symptoms. On the next day increasingly severe headache 
developed, with nausea and vomiting. Examination revealed a slightly stiff neck, 
a positive Kernig sign and sparse petechiae on the upper part of the trunk. The 
spinal fluid was cloudy and contained 9,700 cells per cubic millimeter; smear and 
culture showed the presence of type I meningococci. The blood taken on the day 
before the development of meningeal signs later yielded the same organism. 
Recovery was rapid on sulfadiazine therapy. 


The speed with which meningitis could develop in a patient with 
meningococcemia was extremely variable. The next case to be reported 
was one in which early meningitis was present on the patient’s admission 
to the hospital as indicated by recovery of meningococci on culture from 
an otherwise normal spinal fluid. The history, however, gave clearcut 
evidence that a state of sepsis existed for about twenty-four hours 


before admission. This case also illustrated how rapidly meningitis can 
advance in spite of prompt and adequate sulfadiazine therapy. 


Case 7.—A private aged 37 years was well until the day before his admission ° 
to the hospital. During the morning of that day he suddenly had a shaking chill 
and began to feel extremely weak. Headache was moderately severe, but it sub- 
sided during the evening. On the morning of the day of admission the headache 
was gone, but he noticed that he was covered with tiny dark purplish spots. His 
right knee was moderately painful on walking. Severe frontal headache again 
developed on his admission to the ward. He was obviously acutely and seriously ill 
although he was alert and well oriented. Scattered over the trunk and all extrem- 
ities were myriads of dark petechiae, all less than 2 mm. in diameter. There was 
no stiffness of the neck, and Kernig and Brudzinski signs were not present. A 
specimen of spinal fluid contained 3 lymphocytes per cubic millimeter and a normal 
amount of sugar, and it yielded no organisms on smear. By the following day, 
however, type I meningococci had grown in this fluid. Immediately after the 
initial lumbar puncture 5 Gm. of sodium sulfadiazine was given intravenously with 
1,500 cc. solution of sodium chloride and dextrose. 

Four hours after the patient’s admission to the hospital projectile vomiting 
developed and he rapidly became stuporous. All the signs of meningitis were present 
to a high degree. Five and one quarter hours after the first lumbar puncture 
another specimen of spinal fluid was obtained. The fluid was under greatly 
increased pressure and contained 17,700 leukocytes per cubic millimeter, with 99 
per cent polymorphonuclear cells. The concentration of sugar had fallen to a 
level too low to be read with accuracy, and the level of sulfadiazine had reached 
8.2 mg. per hundred cubic centimeters. Smear and culture of this second specimen 
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showed no meningococci in spite of the addition of paraaminobenzoic acid to the 
culture mediums. 

* After an extremely stormy course the patient recovered. Though the blood 
culture was contaminated on his admission to the hospital and no meningococci 
were found, the history of a shaking chill, the presence of a purpuric rash exten- 
sive enough to be noticed by the patient and a painful knee joint, all at a time 
when he was entirely free of headache, were believed to be evidence that invasion 
of the blood stream occurred several hours prior to his admission. That menin- 
gitis was in the earliest phase at the time of admission was shown by the fact that 
the spinal fluid was normal in every respect except that meningococci were grown 
on culture. There were no meningeal signs present except for severe headache. 


FULMINANT MENINGOCOCCIC BACTEREMIA 

There was a form of fulminant, rapidly fatal meningococcic sepsis 
in which there was little or no evidence of meningitis either during life 
or at autopsy and in which the clinical manifestations were not those 
of the Waterhouse-Friderichsen syndrome. At autopsy the adrenals 
were not abnormal. The rash was broadspread and frequently as 
extensive as that in patients who had massive bilateral hemorrhage 
into the adrenals. The following is an illustrative case. 

Cast 8.—A 20 year old soldier was admitted to the hospital at 4:30 a. m. after 
a few hours of illness with chills, fever, headache and weakness. On his admission 
the temperature was 107 F. Stupor was marked. The pulse was strong, pounding 
and rapid, and the blood pressure was 120 systolic and 70 diastolic. There was 
no stiffness of the neck or other evidence of meningeal irritation. Scattered 
broadly over the skin were myriads of petechial and purpuric lesions, some of 
which coalesced to form areas of ecchymosis. The cerebrospinal fluid was normal 
“A blood culture later yielded type I N. intracellularis. Four grams of sodium 
sulfadiazine was promptly given intravenously. Stupor deepened, and only termin- 
ally did cyanosis develop. Death occurred eight hours after his admission to the 
hospital. 

At autopsy neither the adrenals nor the leptomeninges showed abnormality. 
There were small scattered hemorrhages throughout most of the organs. 


Instances of a fatak form of fulminant bacteremia associated with 
so-called “tubular degeneration of the adrenals” as described by Rich ° 
have occurred among army personnel. The adrenals in these instances 
are not the site of hemorrhage. Meningitis may or may not be present. 
The case reported by Kinsman, D’Alonzo, and Russi” is illustrative. 

Case 9.—A 29 year old white soldier was admitted to the hospital at 3:30 p. m. 


on Jan. 22, 1944, about two hours after the sudden onset of weakness, shaking 
chills, fever, headache, pain in the back and exhaustion. The temperature on 


6. Rich, A. R.: A Peculiar Type of Adrenal Cortical Damage Associated 
with Acute Infections and Its Possible Relation to Circulatory Collapse, Bull. 
Johns Hopkins Hosp. 74:1, 1944. 

7. Kinsman, J. M.; D’Alonzo, C. A., and Russi, S.: Fulminating Meningo- 
coccic Septicemia Associated with Adrenal Lesions: Analysis and Discussion of 
Seven Cases, Arch. Int. Med. 78:139 (Aug.) 1946. 
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admission was 104.6 F. The leukocyte count was 11,950, with 84 per cent neutro- 
phils. Physical examination revealed nuchal rigidity of minimal degree, but 
Kernig’s sign was absent. The pharynx was moderately infected. Group I 
meningococci were later recovered from the spinal fluid. Early the next morning 
(January 23) an increasingly widespread, mottled purpuric and ecchymotic rash 
developed over the entire body including the face and neck, about 80 per cent of 
the body surface eventually becoming involved. There were scattered hemorrhagic 
spots, most of which were an inch (2.5 cm.) or more in diameter. These were also 
present in the conjunctivas and in the mouth. The uvula was completely black 
from hemorrhage. In spite of treatment the eruption continued to spread. The 
patient became restless and complained of chilliness, burning and soreness “in the 
spots.” His lips, finger nails and entire skin became cyanotic; the pulse was 110 
and the blood pressure 130 systolic and 100 diastolic. Nuchal rigidity had not 
increased, and Kernig’s sign was still absent. The leukocyte count was 27,200, with 
87 per cent neutrophils. The temperature was 105 F. At 1:10 p. m. he became 
comatose and cyanotic, with rapid respirations. The temperature climbed to 107.8 
F., and the respirations dropped to 8 per minute. A direct smear of the blood 
showed diplococci phagocytosed by neutrophils. The blood culture was later 
reported to contain meningococci of group I. In spite of all therapy the patient 
died at 3:10 p. m., twenty-six hours after the onset of illness. A second spinal 
puncture was done at the time of the autopsy, and the fluid contained 2,200 cells. 
Autopsy revealed widespread focal hemorrhages in the pulmonary parenchyma 
and petechial hemorrhages in the pleura, pericardium and endocardium. There 
were no hemorrhages in the adrenals. Microscopically there was notable conges- 
tion of the sinusoids but no extravasation. The cells in the glomerular zone dis- 
played a vacuolated cytoplasm and appeared of average size, while those in the 
inner part of the fascicular and reticular zones had shrunken, their cytoplasm being 
homogeneous, dark and sprinkled with brown pigment. In this case the “tubular” 
changes in the outer half of the fascicular layer were prominent. The lesion was 
identical with that described by Rich. The cords in the outer third of the fasci- 
cular zone were converted into tubules lined by vacuolated cells, many of which 
had undergone degeneration with fraying of the cytoplasm and pyknotic changes of 
the nuclei. In some instances the adrenal cells had disappeared entirely from the 
inner layer of the cortex, leaving only a reticular stroma between the congested 
capillaries. The medulla was not remarkable (fig. 3). 

The meninges were not conspicuously involved on gross examination. Micro- 
scopically there was a fair amount of acute inflammatory cellular exudate in the 


subarachnoid space. 


Fulminant meningococcic bacteremia without meningitis and with the 
clinical manifestations of Waterhouse-Friderichsen syndrome occurred 
in this case, and yet no hemorrhage or other abnormality of the adrenals 
was found at autopsy. Four such cases were found among 300 fatal 
cases analyzed.* In a number of others the history suggested this 
syndrome, but the clinical abstracts were not detailed enough to allow 
reliable deductions to be drawn. Thomas * has reported 3 such cases. 


8. Daniels, W. B.: The Cause of Death in Three Hundred Fatal Cases of 
Meningococcic Infection, to be published. 

9. Thomas, H. M.: The Treatment of Fulminating Meningococcic Infections, 
Bull. U. S. Army M. Dept., 1944, no. 73, p. 78. 
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Case 10.—A soldier aged 21 years suddenly became ill twenty-four hours 
prior to his admission to the hospital with severe headache, stiffness, generalized 
aching, nausea and vomiting. Aside from fever, dusky cyanosis and petechiae 
scattered over the skin, the examination revealed nothing abnormal. About 
eighteen hours after his admission he became rapidly worse in spite of a sulfa- 
diazine blood concentration of 9 mg. per hundred cubic centimeters; the cutaneous 
eruption spread, and pallor with cyanosis became extreme. The extremities were 
clammy, and there was evidence of considerable shock. A blood culture yielded 
N. intracellularis. Stained films of the peripheral blood showed diplococci within 





Fig. 3—Photomicrograph showing tubular degeneration of the adrenal in a 
patient with fulminant bacteremia; x 15. (Army Institute of Pathology negative 


no. 99742.) 


the leukocytes, and smears from punctured purpuric cutaneous lesions revealed 
gram-negative diplococci. The patient died in shock thirty hours after his admis- 
sion to the hospital. 

The autopsy revealed no adrenal hemorrhage or evidence of meningitis. Pete- 
chiae were scattered over all serous surfaces. The interstitial tissues of the 
myocardium showed a diffuse infiltration with polymorphonuclear leukocytes. 
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Among 300 fatal cases of meningococcic infection studied, 10 per 
cent of patients died as the result of fulminant bacteremia without adrenal 
hemorrhage. Thirteen of these had no meningitis, 16 had slight menin- 
gitis and for 1 autopsy records were incomplete. The average duration of 
life after admission to the hospital was thirty-three hours, with a range 
of from two to one hundred and one hours. In 4 of the patients the 
symptoms satisfied all the clinical criteria of the Waterhouse-Friderichsen 
syndrome, but at autopsy the adrenals were not abnormal. The average 
duration of life in the 4 cases was forty hours after admission to the 
hospital.® 

Fulminant meningococcic bacteremia with peripheral vascular failure 
and hemorrhage into the adrenal at autopsy, i. e., the so-called Water- 
house-Friderichsen syndrome, was described first in 1894 by Voelcker.*° 
Additional cases were later reported by the authors whose names the 
syndrome bears.*! No more dramatic or catastrophic situation requiring 
heroic therapy can face the physician. 

From the beginning of the epidemic in December 1942 patients with 
this syndrome were admitted to army hospitals. Some died rapidly 
before specific treatment was instituted. Considering the rarity of the 
disease, it is not surprising that in 14 (11 per cent) of 126 fatal cases 
the condition was misdiagnosed or not diagnosed prior to necropsy.* 
The antemortem diagnoses were as follows: rocky mountain spotted 
fever in 3 cases, heat stroke in 2 cases, purpura hemorrhagica in 2 
cases, endemic typhus in 1 case, acute leukemia in 1 case and pachy- 
meningitis in 1 case. In 4 cases no diagnosis was made. A few more 
than 100 instances of this form of meningococcic infection had been 
reported prior to the war. Since meningococcic meningitis, bacteremia 
and the Waterhouse-Friderichsen syndrome are coded together by the 
Statistical Division of the Surgeon General’s Office, it is impracticable 
to ascertain the exact number of soldiers who were affected with each 
form of the disease during the war. 

In two series of 214 and 182 patients with meningococcic infection 
recently reported, the Waterhouse-Friderichsen syndrome occurred in 
3.3 and in 2.2 per cent respectively.’* The records of 300 of the soldiers 
who died as the result of meningococcic infection from the beginning of 
mobilization to Dec. 31, 1945, were reviewed at the Army Institute of 
Pathology. One hundred and twenty-six (42 per cent) of these died 


10. Voelcker, A. F.: Pathological Report, 1894, Middlesex Hospital Reports, 
1894, p. 279. 

11. Waterhouse, R.: Case of Suprarenal Apoplexy, Lancet 1:577, 1911. 
Friderichsen, C.: Nebennieren-apoplexie bei kleinem Kindern, Jahrb. f. Kinderh. 
87:109, 1918. 

12. (a) Bernhard, W. G., and Jordon, A. C.: Bilateral Adrenal Hemorrhage 
(Waterhouse-Friderichsen Syndrome) Associated with Meningococcal Septicemia: 
Report of Four Cases in Adults with Review of the Literature, J. Lab. & Clin. 
Med. 29:357, 1945. (b) Kinsman, D’Alonzo and Russi.? 
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with hemorrhage into the adrenals.© More than 50 instances of this 
syndrome have been recently reported in the literature by army medical 
officers. This is an incomplete list, as many cases were reported only 
because of unusual features, long survival period or recovery." 

Meningitis was usually absent or slight in this group of patients. 
Of 126 patients who died with fulminant bacteremia and had hemor- 
rhages into the adrenals at autopsy, there was no evidence of meningitis 
in 61, in 48 the meningitis was early and minimal, in 7 it was moderately 
severe and in another 7 it was severe. In 3 cases the grade of meningitis 
was not clear from the records. Early death may have been responsible 
for minimal or absent meningeal inflammation. 

As with other meningococcic infections, prodromal respiratory symp- 
toms usually preceded the onset. These were followed by general 
aching, pains in the joints, headache, weakness, nausea, vomiting, chills 
and fever. Within a few hours there was a dramatic, sudden change, 
with the development of apprehension, restlessness and frequently an 
initial delirium. Later the patients were often lucid. A previously 
insignificant rash suddenly became widespread, purpuric and ecchymotic 
and often covered two thirds of the body. The conjunctivas and the 
buccal mucous membranes showed hemorrhages. As a rule there were 
no signs of involvement of the meninges, but meningitis, usually of mild 
degree, might be present. Cyanosis, low blood pressure, rapid, thready 
or imperceptible pulse, cold wet extremities and all evidences of extreme 
shock supervened. Anuria with nitrogen retention was usual. Within 
a few hours to a day or more pulmonary edema usually developed, and 
death generally occurred in spite of heroic therapy. In fatal cases the 
average duration of life from the time of admission to the hospital until 
death occurred was twenty-four hours.*® 


13. (a) Wright, D. O., and Repport, L. B.: Fulminating Meningococcemia 
with Vascular Collapse: Report of Four Adult Cases with Recovery, Arch. Int. 
Med. 77:143 (Feb.) 1946. (hb) Kosich, M., and Disick, S.: Meningococcemia 
with Bilateral Adrenal Hemorrhage, J. Tennessee M. A. 36:464, 1943. (c) Maran- 
goni, B. A., and D’Agati, V. C.: Hepatorenal Failure in the Waterhouse-Friderichsen 


Syndrome:  Clinical-Pathologic Observations in Two Cases with Prolonged 
Survival Periods, Am. J. M. Sc. 207:385, 1944. (d) Park, F. R., and 
Taplin, G. V.: Meningococcic Meningitis with Waterhouse-Friderichsen Syn- 


drome: Report of Case with Recovery, Manuscript, Technical Information Division. 
Office of The Surgeon General. (e¢) Felder, S. L., and Stacy, A.: Meningococcemia 
with Waterhouse-Friderichsen Syndrome, Manuscript, Technical Information 
Division, Office of The Surgeon General. (f) Leichliter, J. W., and Fish, C. E.: 
The Waterhouse-Friderichsen Syndrome: Report of Case in Soldier, Mil. Surgeon 
93:77, 1943. (g) Bush, F. W., and Bailey, F: R.: The Treatment of Meningo- 
cococus Infections with Especial Reference to the Waterhouse-Friderichsen Syn- 
drome, Ann. Int. Med. 20:619, 1944. (h) Potter, H. W., and Bronstein, L. H.: 
The Waterhouse-Friderichsen Syndrome: Report of Case Terminating in Recov- 
ery, J. Lab. & Clin. Med. 29:703, 1944. (7) Kinsman and others.?7 (7) Thomas.? 
(k) Bernhard and Jordon.128 
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A classic instance of this condition follows: 


Case 11.—A 21 year old soldier began to suffer from headache, weakness, 
general aching and vomiting one and a half hours prior to his admission to the 
hospital at 5 p. m. on April 17, 1943. By midnight a temperature of 106 F., a 
purpuric eruption of the skin and an irrational mental state had developed. Because 
of obvious meningococcic bacteremia 4 Gm. of sodium sulfadiazine was given 
parenterally. By 5 a. m. on April 18 he was stuporous, cyanotic, cold and in col- 
lapse, with a pulse rate of 160 and a blood pressure of 70 systolic and 35 diastolic. 
In spite of large doses of sulfadiazine, adrenal cortex extract, dextrose, sodium 
chloride and plasma the purpuric rash spread and large areas of ecchymosis 
developed (fig. 4). Circulatory collapse increased, the pulse became imperceptible 
and the blood pressure fell to 40 systolic and 0 diastolic. Coma developed. The 
patient died in pulmonary edema thirty-six hours after his admission to the hos- 
pital and twenty-six hours after the institution of specific therapy. There had 
been no clinical evidence of meningitis, and his condtion had been too critical to 
subject him to the strain of spinal puncture. The cerebrospinal fluid after death 
contained 2 cells and was sterile. Blood cultures during life,contained meningo- 
cocci, and many organisms were seen in leukocytes in smears of the peripheral 
blood and of purpuric lesions of the skin. 

Chemical analyses of the blood revealed that nonprotein nitrogen was 75 mg., 
creatinine 1.7 mg., chlorides 478 mg., sugar 126 mg. and sulfadiazine 20 mg. per 
hundred cubic centimeters. Autopsy revealed massive hemorrhage in both adrenals 
and no evidence of meningitis (fig. 5). 

An analysis of the degree of adrenal hemorrhage in relationship to 
the duration of life indicates that patients with massive hemorrhage 
die most rapidly. However, there is ample evidence that shock and 
circulatory collapse incident to fulminant sepsis may occur without 
adrenal hemorrhage. As has been stated, fulminant sepsis with no 
adrenal abnormality at autopsy (case 10) may produce a clinical picture 
identical with the classic Waterhouse-Friderichsen syndrome. Pro- 
found injury to other organs as a result of “toxemia” and widespread 
hemorrhage, frequently with pronounced cellular infiltration of the 
myocardium, may well be the sole cause of death. Marangoni and 
D’Agati,'** in a report on 2 patients with long survival periods (eighty 
and eighty-eight hours), have expressed the opinion that there are two 
distinct stages in the Waterhouse-Friderichsen syndrome. The ‘rst 
is the phase of profound shock and circulatory collapse. If this is 
survived, the second, a “hepatorenal” phase, begins. It is characterized 
clinically by considerable oliguria with azotemia and pathologically by 
severe central necrosis of the liver associated with changes in the 
glomeruli and tubules of the kidneys. A number of observers ** stated 
the belief that circulatory collapse in the Waterhouse-Friderichsen syn- 
drome is primarily the result of broadspread tissue changes and hemor- 


14. Thomas, H. B., and Leiphart, C. D.: Septicemia and Purpura with 
Adrenal Hemorrhage in Adult (Waterhouse-Friderichsen Syndrome) : Discussion 
of Role Played by the Adrenal Gland in the Production of the Syndrome, J. A. 
M. A. 125:884 (July 29) 1944. Kinsman and others.? Thomas. Wright and 
Repport.i2@ Marangoni and D’Agati.1*¢ 
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rhages rather than of adrenal insufficiency secondary to hemorrhage 
into these glands. It is pointed out ** that (1) in this condition death 
requires but a few hours whereas adrenalectomized animals live for 
several days, (2) classic clinical manifestations of the Waterhouse- 
Friderichsen syndrome may occur in patients with fulminant sepsis 
without there being abnormality of the adrenals at autopsy, (3) con- 
versely, among the 126 patients found to have adrenal hemorrhage at 
autopsy in 5 the manifestations were not those of the Waterhouse- 
Friderichsen syndrome,’ (4) some patients who recovered received no 
adrenal cortex hormone and (5) in patients who recovered the dis- 
continuation of the use of adrenocortical hormone after a few days 
did not lead to a recurrence of symptoms. If adrenal insufficiency 
secondary to hemorrhagic destruction of the adrenals had been present, 
such temporary therapy would hardly have been curative. 








_ Fig. 4.—Broadspread ecchymotic rash in a patient with fulminant bacteremia 
with peripheral vascular collapse and bilateral adrenal hemorrhage. 


Prior to the development of sulfonamide compounds the Waterhouse- 
Friderichsen syndrome was invariably fatal. Weinberg and McGavack ** 
in 1945 collected from the literature 11 instances of recovery and 
reported an additional 1. Thirteen other instances of recovery not 
included by these authors have been either reported among army per- 
sonnel or observed by me.’? There are undoubtedly a number of 


15. Kinsman and others.7_ Wright and Repport.13@ 

16. Weinberg, L. D., and McGavack, T. H.: Waterhouse-Friderichsen Syn- 
drome: Report of Case with Recovery, New England J. Med. 282:95, 1945. 

°17. Wechsler, H. F., and Rosenblum, A. H.: Meningococcic Meningitis, Mil. 
Surgeon 95:132, 1944. Meyer, R. R.: Meningococcal Meningitis: A Report 
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additional cases which have not been reported. When recovery takes 
place there is no way of proving or disproving the presence of adrenal 
hemorrhage. It seems likely that some of the patients who recovered 
actually had fulminant sepsis without adrenal hemorrhage though 
clinically exhibiting the Waterhouse-Friderichsen syndrome. 

















Fig. 5—Photomicrograph of massive hemorrhage into adrenal in a patient 
with fulminant bacteremia with peripheral vascular failure; x 15. (U. S. Army 
Medical Museum negative no. 72796.) 

It seems wise to emphasize again that in only 56 per cent of a 
group of 32 patients with meningococcemia uncomplicated by meningitis 


was the diagnosis confirmed by the presence of organisms in the blood 


of Thirty-Three Cases with No Deaths, New England J. Med. 280:452, 1944. 
Marangoni, B. A., and D’Agati, V. C.: The Waterhouse-Friderichsen Syndrome, 
ibid. 281:1, 1945. Kinsman and others.?/ Wright and Repport.1%¢ Park and 
Taplin.184 Felder and Stacy.1%e Bush and Bailey.13¢ Potter and Bronstein.1%» 
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culture.* This illustrates a most important point. An accurate diagnosis 
of meningococcemia can and indeed must be made long before there 
is any report of the results of blood culture if one hopes to prevent the 
advent of meningitis or fulminant bacteremia. The clinical picture in 
most cases is sufficiently clear to permit a positive diagnosis. If sulfa- 
diazine is started as soon as the diagnosis is made and one blood sample 
taken for culture, meningitis or fulminant bacteremia may be prevented 
and recovery expected. If therapy is delayed and repeated blood 
samples taken for culture, the number of cases confirmed bacteriologically 
is higher but the number of cases of meningitis is markedly increased, 
with resultant higher mortality. 


TREATMENT 

Acute or Chronic Bacteremia.—Four grams of sulfadiazine was given 
by mouth, followed by 1.0 Gm. every four hours until fever, symptoms 
and other manifestations of infection had been absent for at least 
forty-eight hours. Parenteral administration of comparable amounts of 
sulfadiazine in dilute solution was used in the presence of vomiting. 
This dosage was usually sufficient to maintain a blood concentration ot 
from 5 to 11 mg. per hundred cubic centimeters and as a rule prevented 
the development of fulminant bacteremia or meningitis. 

Fulminant Bacteremia with Peripheral Circulatory Fatlure.—This 
was a major medical emergency and required immediate action and 
continued constant observation by a resourceful physician. Two physi- 
cians were advantageously employed in carrying out the early treatment. 
A good nurse who was thoroughly familiar with the ward and the 
hospital was essential. Even though meningitis was present or suspected, 
it was of secondary importance and the patient was not subjected to 
the strain of lumbar puncture. Sodium sulfadiazine (0.1 Gm. per 
kilogram of body weight dissolved in a liter of 5 per cent dextrose in 
isotonic solution of sodium chloride) was started intravenously while 
in the other arm 50,000 units of penicillin was administered by syringe 
in 20 cc. of isotonic solution of sodium chloride or distilled water. 
Through the same needle 30 cc. of aqueous extract of adrenal cortex 
was given and 20 cc. given intramuscularly or intravenously as often 
as every two hours if indicated. Forty thousand units of penicillin was 
given intramuscularly *at the same time as the first intravenous dose, 
and this was continued every two hours as long as necessary. If 
peripheral circulatory failure was marked, all penicillin was given intra- 
venously. When the penicillin had been given intravenously, 500 cc. 
of plasma was given through the same needle. Sodium sulfadiazine 
(0.05 Gm. per kilogram of body weight in 500 cc. of 5 per cent dextrose 
in isotonic solution of sodium chloride) was administered intravenously 
after four hours. Subsequent dosage was determined by frequent esti- 
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mations of blood concentration, as fluctuations in fluid balance occurred 
and urinary output was generally low. The blood concentration was 
maintained at between 15 to 20 mg. per hundred cubic centimeters. 
Oxygen by tent, nasal catheter or Boothby-Lovelace mask was given 
continuously to combat cyanosis, and external warmth of moderate 
degree was applied to the body. 

The fluid intake was maintained at from 3 to 4 liters’ per day, but 
because of the danger of pulmonary edema isotonic sodium chloride was 
not given in excess of 1 liter daily after the first twenty-four hours. A 
liter of fluid was usually given as sixth-molar sodium lactate and 
another as 5 or 10 per cent solution of dextrose. Plasma in quantities 
of 500 cc. was used as indicated if the blood pressure remained low. 
During such a regimen, careful observation was maintained in order 
to recognize the early evidences of threatening pulmonary edema. 
Sedatives may be necessary during the early phase as the patients are 
frequently lucid and extremely restless. Paraldehyde is an excellent 
sedative, but morphine in small doses was usually needed. 

For patients with fulminant bacteremia in whom the manifestations 
were not those of shock, plasma, oxygen and aqueous adrenal cortex 
extract were omitted. Though the evidence is against adrenal insuffici- 
ency as a cause for shock, few have been willing to discard the use of 
adrenal cortex extract. 

Penicillin, though a most effective drug in the treatment of meningo- 
coccic bacteremia, has the disadvantage of entering the cerebrospinal 
fluid in only small and unpredictable quantities.’"* Since meningitis is 
a common sequel of bacteremia and may be present in the absence of 
meningeal signs, sulfadiazine is the drug of choice. This material rapidly 
enters the spinal fluid in high concentrations, where its bacteriostatic 
qualities may prevent meningitis or may affect its course beneficially 
if it is already present. Penicillin should be retained for use in con- 
junction with sulfadiazine in fulminant bacteremia and for replacement 
when there is intolerance to this drug or if complications from it develop. 
In the rare instances of failure or inadequate response to sulfadiazine 
penicillin should be given. 

SUMMARY 


During outbreaks of meningococcic infection, bacteremia without 
involvement of the meninges is common. It is essential that the physi- 
cian be able to recognize the disease in its various forms prior to the 
report of the blood culture so that prompt treatment may be ‘instituted. 
The various clinical forms observed in soldiers during World War II 
have been described. Sulfadiazine has proved to be the drug of choice. 


1150 Connecticut Avenue. 


18. Kinsman, J. M., and others: The Penetration of Penicillin Through the 
Normal and Inflamed Membranes, New England J. Med., to be published. 











REGULATION OF PULMONARY ARTERIAL BLOOD PRESSURE 


G. LILJESTRAND, M.D. 
STOCKHOLM, SWEDEN 


Sean Hering’s discovery, about twenty years ago, that increased 
pressure in the carotid sinus reflexly produces bradycardia and arteral 
hypotension, a great deal of work has been done in the regulation of sys- 
temic arterial blood pressure. It has been proved, especially by the work 
of Heymans and his associates,’ that the sinus and aortic regions are of 
paramount importance in this connection; on the one hand, increased 
arterial pressure stimulates pressosensitive endings of the sinus and 
aortic nerves and provokes inhibition of the cardiac and vasomotor cen- 
ters, and, on the other hand, the lowering of the oxygen and the rise of 
the carbon dioxide tension in the arterial blood stimulate chemoreceptors 
and from them, by way of a reflex, also the centers mentioned. 
Having been for some time engaged in studies on these questions it 
appeared to my colleague, Professor von Euler, and me? that it might 
be worth while to investigate whether similar arrangements could be 
demonstrated in the lesser circulation. I would like to present a résumé 
of the results obtained by us as well as by Logaras,* who has been work- 
ing in my laboratory. 

Of course, we realized that the situation is different for the two sys- 
tems. The lungs, being placed in series with the general circulation, 
would scarcely be dependent on the maintenance ofa certain pressure 
level in the pulmonary artery in order to ensure the blood supply to the 
organ itself, corresponding to the situation with regard to a number of 
organs in the general circulation, notably the central nervous system and 
the kidneys. There would seem, however, to be reason for some 
regulation in so far as a high level of pulmonary blood pressure 


Read before the Section on Pathology and Physiology at the Ninety-Sixth 
Annual Session of the American Medical Association, Atlantic City, N. J., June 
11, 1947. 

1. Hering, H. E.: Die Karotissinusreflexe auf Herz und Gefasse vom normal- 
physiologischen, pathologisch-physiologischen und klinischen Standpunkt, Dresden, 
Theodor Steinkopf, 1927. 

la. Heymans, C.: Bouckaert, J. J., and Regniers, P.: Le sinus carotidien 
et la zone homologue cardio-aortique, Paris, Gaston Doin & Cie, 1933. 

2. von Euler, U. S., and Liljestrand, G.: Acta physiol. Scandinav. 12:301, 
1946. 

3. Logaras, G.: Acta physiol. Scandinav. 14:120, 1947. 


162 








LILJESTRAND—PULMONARY ARTERIAL BLOOD PRESSURE _ 163 


might be harmful, on account of the risk of pulmonary edema, and 
demands might also arise connected with the special function of the 
lungs. 

In our experiments anesthetized cats were used. A special cannula 
was inserted in the pulmonary artery in such a way that the wall was 
gripped between two flanges (fig. 1) and connected with a vertical 
glass tube and a piston recorder. Sometimes the pressure from the left 
auricle was measured in a similar way.’ The thorax being closed care- 
fully at an inflated state of the lungs, spontaneous respiration could, as 
a rule, be established ; in some cases artificial respiration was used. 

Indications of a nervous influence on the pulmonary arterial pressure 
were obtained in some instances. Thus, the pressure gradient from the 
pulmonary artery to the left auricle rose about 30 per cent after the 
administration of small doses of epinephrine (0.005 to 0.02 mg.) and 
up to several hundred per cent after the administration of 0.3 mg. of 


toner tube 





Fig. 1—Drawing of a cross section of the cannula used. 


ergotamine. It might be argued that this was the result of passive dis- 
tention. But if the artery to the left lung was occluded, thereby greatly 
increasing the flow of blood through the remaining vascular bed, a rise 
in the pulmonary arterial pressure of only 20 to 30 per cent (fig. 2) was 
obtained. It therefore seems necessary to assume that the drugs men- 
tioned exert a direct influence on the vessels. In 1 experiment (fig. 3), 
large waves appeared in the pulmonary arterial pressure with only small 
variations in the systemic arterial pressure. Since, on the other hand, 
clamping of the carotid arteries resulted in the usual increase in the 
systemic pressure with only a slight rise in the pulmonary arterial 
pressure (fig. 4), it seems reasonable to assume that the effect just men- 
tioned is the result of rhythmic activity in the vasomotor center. 

Our efforts to demonstrate an influence on the pulmonary arterial 
pressure through nervous mechanisms operating under physiologic con- 
ditions were not successful, however. The small rise obtained after 
clamping the carotids might be explained as secondary, and the increase 
after occlusion of the artery to the left lung can easily be explained by 
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the great distensibility of the vessels. Neither vagotomy nor the admin- 
istration of ergotamine had any influence on the result. If the general 
flow of blood was increased by about 200 to 300 per cent, by electrically 
induced muscular work, the pulmonary arterial pressure rose in a similar 
way, as after the left pulmonary artery was clamped, and this result was 
unaffected by vagotomy. 

Turning our attention to the possibilities of obtaining results with 
chemical stimulants, we tried using different concentrations of carbon 
dioxide and oxygen. Carbon dioxide induced a small, or under special 
conditions a moderate, increase in the pressure (fig. 5). This effect 
remained after vagotomy, but could be abolished or even reversed by 


om 
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Fig. 2 (cat weighing 3.0 Kg., anesthetized with chloralose).—The upper curve 
represents pulmonary arterial pressure and the lower curve systemic blood pres- 
sure. The arrows indicate occlusin and opening of the left pulmonary artery. 
Artificial respiration was employed, with an open thorax (time, thirty seconds). 

Fig. 3 (cat weighing 2.9 Kg., anesthetized with chloralose).—The upper curve 
represents pulmonary arterial pressure, with spontaneous waves; the lower curve 
records systemic blood pressure. The recording was made with spontaneous 
breathing and a closed thorax (time, ten seconds). 


administration of ergotamine. Definite and somewhat unexpected results 
were obtained with variations in oxygen pressure. Oxygen want led to a 
rise in pulmonary arterial pressure (fig. 5), and oxygen inhalation from 
air resulted in a definite drop. Figure 6 demonstrates that during inhala- 
tion of air and oxygen the levels of pressure are different and that the 
increase during muscular work is added to these levels, the increase 
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when breathing oxygen being somewhat less. Since the effect of altera- 
tion in the oxygen pressure seems to be of certain importance, | will 
dwell a little further on it. 

In numerous experiments these effects have been observed rather 
regularly. There are variations in individual susceptibility, however. 
Figure 7 gives an illustration of significant effects of oxygen want. In 
figure 7 A, a large rise in the pulmonary arterial pressure is caused by 
a reduction of the oxygen content from air to 15 per cent oxygen in nitro- 
gen. Of course, it is possible that in this case the rise in the pulmonary 
arterial pressure might, to some extent, have been due to back pressure 
from the left auricle, if the function of the heart had been impaired. 





Fig. 4 (cat weighing 3.5 Kg., anesthetized with chloralose).—The upper curve 
represents pulmonary arterial pressure and the lower curve systemic pressure. 
The arrows indicate occlusion and opening of the common carotid artery. The 
recording was made with spontaneous breathing and a closed thorax (time, 
thirty seconds). 


From figure 7 B, however, it can be seen that a decided effect on the 
pulmonary arterial pressure may be obtained from oxygen want, with- 
out impairment of the function of the heart. In this case—possibly with 
somewhat insufficient spontaneous respiration—even the shift from oxy- 
gen to air led to a rise in the pulmonary arterial pressure from 25:to 65 
cm. of water, thus a rise of 160 per cent. The interesting point is that 
the pressure in the left auricle was hardly affected at all. From figure 8 
it can be seen that the fall in the pulmonary arterial pressure is less for 
50 per cent oxygen than for pure oxygen, the drop being from 21 to 19 
cm. and from 23 to 19 cm., respectively. A small increase in the pressure 
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of the left auricle was observed, probably due to a sudden increase of 
the inflow when the vessels of the lungs became dilated. 

The effect of oxygen or oxygen want on the pulmonary arterial 
pressure can be explained only as caused by variations in the degree of 
contraction of the arterioles and precapillaries of the lungs. There is 
obviously no back pressure, and it is improbable that such enormous 
variations in the general flow of blood should occur, as must be assumed, 
if a passive distention should be responsible for the effect. There must 
be some special mechanism by the aid of which the oxygen tension in 
the lungs influences the degree of contraction of the arterioles and the 
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Fig. 5 (cat weighing 3.9 Kg., anesthetized with chloralose).—The uppermost 
curve represents pressure in the left auricle; the middle curve represents pul- 
monary arterial pressure, and the lower curve represents systemic blood pressure. 
At point 1, oxygen from air was administered, at 2, 6.5 per cent of carbon dioxide 
in oxygen; at 3, oxygen; at 4, 18.7 per cent of carbon dioxide in oxygén; at 5, 
oxygen; at 6, 10.5 per cent of oxygen in nitrogen and at 7, oxygen. Artificial 
respiration was employed with an open thorax (time, thirty seconds). 


precapillaries. With regard to this mechanism, we have observed that 
the effect is not abolished by vagotomy or extirpation of the stellate 
ganglions or by the administration of ergotamine, dihydroergotamine, 
atropine or yohingbine. It is thus a local effect, and it would seem pos- 
sible that it is called forth by the degree of oxygenation of the venous 
blood in the arterioles of the lungs, though this point must, of course, 
be investigated thoroughly. 
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Increase of carbon dioxide and decrease of oxygen pressure act in 
the same direction, both raising the pulmonary arterial pressure. The 
effect of oxygen want is much stronger, however, and will be the main 
effective factor when the respiratory air is simultaneously enriched in 
carbon dioxide and reduced in oxygen content. This is borne out by the 
experiment reproduced in figure 9. The animal was made to breathe 
through a tube, the part nearest to the trachea being at first filled with 
coarse sand and in another trial, a few minutes later, with soda lime. 
The extra dead space in both instances was therefore the same, the only 
difference being that in the first instance carbon dioxide accumulation 
took place simultaneously with the decrease in oxygen percentage. As 
seen from the figure, the rise in pressure is the same in both instances. 





Fig. 7—A (cat weighing 2.3 Kg., anesthetized with chloralose); the upper 
curve represents pulmonary arterial pressure, and the lower curve represents 
systemic blood pressure. At point 1, 15 per cent of oxygen in nitrogen (from 
air) was administered; at point 2, air was breathed and at 3, oxygen. Artificial 
respiration was used (time, thirty seconds). B (cat weighing 3.8 Kg., anesthetized 
with chloralose) ; the upper curve represents pulmonary blood pressure, the middle 
curve left auricular pressure and the lower curve systemic blood pressure. At 
point 1, air (from pure oxygen) was breathed, and at point 2, oxygen was used. 
Spontaneous breathing was employed (time, ten seconds). 


If the inspiratory or expiratory resistance was increased, a rise in 
the pulmonary arterial pressure resulted. With regard to the expiratory 
resistance, it was observed (fig. 10) that the effect was to a considerable 
extent due to oxygen want, since breathing of oxygen greatly reduced 
the expiratory resistance. An increase of the pressure in the lungs 
during the whole respiratory cycle, obtained by placing a suitable weight 
on the gas bag and adjusting it so that the gas was slowly driven through 
the Miller valves, did not influence the pulmonary arterial pressure, a 
result of some interest with regard to the modern application of oxygen 
under positive pressure as a therapeutic agent. 
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The ultimate purpose of any regulation of the blood pressure is to 
maintain an adequate flow of blood to the organs of the body, and this 
is achieved in different ways within the systemic and the pulmonary 
circulations. The results obtained have confirmed the generally accepted 
view that the pulmonary arterial blood pressure is not integrated and 
held at a relatively constant level to the same extent as the systemic 
pressure. If a corresponding mechanism exists for the pulmonary sys- 
tem—and this can by no means be excluded—it must be rather poorly 
developed. On the other hand, a special mechanism has been found in 
the lungs, by the aid of which the degree of contraction of the arterioles 
can be regulated. The main agent in this regulation is the oxygen pres- 
sure ; to some limited extent the carbon dioxide pressure may also con- 
tribute. The effect is presumably mediated through the venous blood 
in the arterioles of the lungs, thereby enabling a local action according 
to the needs in order to correlate breathing and circulation. 





Fig. 8 (cat weighing 3.7 Kg., anesthetized with chloralose).—The upper curve 
represents pulmonary arterial pressure and the lower curve systemic blood pres- 
sure. At points 1, 2 and 3, the animal received oxygen (from air), air and 50 
per cent of oxygen in nitrogen, respectively. The experiment was done with a 
closed thorax and spontaneous breathing (time, ten seconds). 


It is clear that mechanical factors, e. g., variations in posture, will 
easily influence the flow of blood through the lungs. It has been empha- 
sized especially by Sonne (1936) ‘ that the different parts of the lungs 
are ventilated unevenly also in normal subjects, and from this he con- 
cluded that the composition of the alveolar air must vary greatly in the 
different parts of the lungs. This conclusion is based on the assumption, 
however, that the flow of blood through the lungs remains constant in 
spite of variations in the relative ventilation. From our experiments it 
is obvious that this is not the case. As soon as a steady state has been 
attained the flow of blood will, to a certain extent, have become regulated 
according to the efficiency of aeration; it will become restricted where 
ventilation is poor but increased where it is good, and in this way a 


4. Sonne, C.: Acta med. Scandinav. 90:315, 1936. 
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strict economy will be upheld. We thus come to the conclusion that 
oxygen want, which is known to lead to vasodilatation in the systemic 
circulation, acts in the opposite way in the pulmonary circulation; in 
the former case “the call for oxygen” of the different organs will become 
satisfied, and in the latter case the flow of blood will be directed from 
parts of the lungs which are badly ventilated to parts where the purpose 
of the lesser circulation can be better fulfilled. It seems probable that 
the increased mean capacity of the lungs during oxygen want will also 
be of importance in this connection. 

The results obtained also seem to be of interest from other points 
of view. 

It has been shown by several observers (Clamann and Becker-Frey- 
seng, 1939,° Comroe, Dripps, Dumke and Deming, 1945,° and Ohlsson, 
19467) that after inhalation of oxygen for hours the vital capacity is 





Fig. 9 (cat weighing 3.4 Kg.).—The upper curve represents pulmonary arterial 
pressure and the lower curve systemic blood pressure. At point 1, a rubber 
tube with a column of soda lime was interposed, and at point 2 the same tube 
with a column of sand (the particles of sand were the size of soda lime particles) 
was interposed. Spontaneous breathing was employed (time, thirty seconds). 


decreased, usually 200 to 400 cc. It seems reasonable to assume that this 
is, in part at least, caused by the dilation of the vessels of the lungs. The 
experiments by Asmussen, Christensen and Sjéstrand (1939) * have 
shown that diminution of the vital capacity of this magnitude can easily 


5. Clamann, H. G., and Becker-Freyseng, H.: Luftfahrtmed. 4:1, 1939. 

6. Comroe, J. H., Jr.; Dripps, R. D.; Dumke, P. R., and Deming, M.: 
Oxygen Toxicity: Effect of Inhalation of High Concentrations of Oxygen for 
Twenty-Four Hours on Normal Men at Sea Level and at Simulated Altitude 
of 18,000 Feet, J. A. M. A. 128:710 (July 7) 1945. 

7. Ohlsson, W.: Nord. med. 29:138, 1946. 

8. Asmussen, E.; Christensen, E. H., and Sjostrand, T.: Skandinav. Arch 
f. Physiol. 82:193, 1939. 
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be obtained by pooling blood to the lungs. In my laboratory Alveryd 
and Brody (1947) ® observed the decrease in the vital capacity after ten 
minutes of inhalation of oxygen, which is in agreement with the inter- 
pretation given. 

The experiments also seem to shed some light on the mechanism of 
pulmonary edema. The theory of back pressure, once accepted in many 
quarters after the work of Welch (1878),° has met with adverse criti- 
cism, since in many cases the edema develops without any acute cardiac 
failure. Drinker ** has set forth (1945) that the two fundamental factors 
causing transudation in the lungs are increased pulmonary capillary 
pressure and anoxia, and he pointed out that clinically they never work 
alone. Since anoxia has been observed to increase the arterial, and pre- 
sumably also the precapillary, pressure in the lungs, the relation seems 
indeed an intimate one. Slowing of the circulation may well lead to some 
oxygen want without causing back pressure and may therefore be an 
important factor in the production of edema. 





Fig. 10 (cat weighing 3.2 Kg.).—The upper curve represents pulmonary blood 
pressure and the lower curve systemic blood pressure, At point 1, there is an 
increase of the expiratory resistance by 1.5 cm. of water. At point 2, there is 
restoration of the expiratory resistance to normal. At point 3, there was breath- 
ing of oxygen. At point 4, there was increase of the respiratory resistance by 
1.5 cm. of water. At point 5 there was restoration of the respiratory resis- 
tance to normal. Spontaneous respiration with a closed thorax was used (time, 
thirty seconds). 


It is tempting also to try to explain some toxic effects of oxygen 
against the background outlined. As is well known, inhalation of 100 
per cent oxygen at a pressure of 1 atmosphere and even less will lead 
to certain alterations in the lungs. Hyperemia is an early symptom, but 
edema and atelectasis will often develop if the inhalation continues for 
several hours. The lungs seem to be more easily affected by increased 
oxygen pressure than other organs, and this points to some local 
mechanism. It seems obvious that the hyperemia is simply the result of 


9. Alveryd, A., and Brody, S.: Acta physiol. Scandinav., to be published. 
10. Welch, W. H.: Virchows Arch. f. path. Anat. 72:315, 1878. 
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the physiologic dilating effect of oxygen on the arterioles and precapil- 
laries. The occurrence of edema after prolonged inhalation of oxygen 
would seem, however, to be in contrast to current opinions about the 
origin of this complication. Since oxygen will decrease the capillary 
blood pressure and abolish anoxia, how can it lead to edema? I would 
like to suggest the following answer. The lowering of the pressure and 
the disappearance of anoxia may certainly decrease the formation of 
lymph, but at the same time the greatly dilated blood vessels may con- 
stitute a mechanical obstacle for the removal of the fluid. The lymph 
vessels of the lungs take their origin around the alveolar ducts and will 
probably become more or less compressed by the widened arterioles and 
precapillaries. The balance between formation and removal of the lymph 
will thereby be disturbed, with edema as the result. It seems significant 
that edema can be prevented by interposing short periods of breathing of 
air; the improved draining might soon reestablish equilibrium, in spite 
of some increase in the formation of lymph. 

Drinker," after injection of a graphite suspension, observed a slow 
circulation in atelectatic parts of the lungs. This would seem to be the 
natural outcome of a local decrease in oxygen pressure and might act 
as protection, the complete absorption of the gases in the alveoli being 
delayed. Oxygen, however, acts in the reverse direction and is also 
itself more quickly absorbed than the gaseous mixture in the alveoli in 
oxygen want. The conditions will therefore be relatively favorable for 
the appearance of atelectasis when oxygen is breathed. 

It is probable that the knowledge of the close correlation between 
oxygen pressure and the state of contraction of the pulmonary vessels 
will be of importance for the understanding of other pathophysiologic 
problems. 

In conclusion, it may be emphasized that every addition to knowl- 
edge will reveal its value in the possibilities for explaining phenomena 
that have previously been obscure. It is a special value of experimental 
science that the results can often be applied to practical medicine, veri- 
fying the words of Starling, “Physiology of today is the medicine of 
tomorrow.” 


11. Drinker, C. K.: Pulmonary Edema and Inflammation, Harvard Mono- 
graphs in Medicine and Public Health, no. 7, Cambridge, Mass., Harvard Uni- 
versity Press, 1945. 




















CARCINOMA OF THE PANCREAS 


Diagnostic Criteria 


GRAYSON F. DASHIELL, M.D. 
AND 


WALTER LINCOLN PALMER, M.D. 
CHICAGO 


HE PREOPERATIVE diagnosis of carcinoma of the pancreas 

remains a challenge in spite of the many excellent studies made 
since De Costa’s article in 1857. In this paper 90 cases are reviewed 
nd compared with those in other studies? in the hope that earlier 
recognition of the disease may be accomplished. 


PATHOLOGIC FEATURES 


In 85 of our cases the diagnosis was confirmed by operation and 
isually corroborated by biopsy, and in some instances it was also 
‘onfirmed at autopsy. For 5 patients not subjected to operation the 
liagnosis was confirmed at autopsy. In a few cases it is not absolutely 
certain whether the primary lesion was precisely pancreatic or ampullar, 
but in all involvement of pancreatic tissue was clear. 

The anatomic location of the lesion in this series is shown in table 1. 
As would be expected, the head of the pancreas was usually involved 
n patients with jaundice. Invasion of the body and tail was frequent 
in patients with jaundice and pain and in the majority of those without 
jaundice. The tumors were usually of the hard and scirrhous type, 
either ductal or acinar in origin. Differentiation from chronic pan- 
creatitis was often difficult even at operation; biopsy was necessary for 
certain diagnosis. Metastasis was most frequent to the liver and the 
regional lymph nodes, although the duodenum, stomach, omentum, 
mesentery, adrenals, peritoneum, jejunum, mesocolon, abdominal wall, 
kidneys, lungs and pleura were involved in some cases; invasion of 
the superior mesenteric, portal, colic, splenic and gastrohepatic vessels 
was more or less frequent. 


From the Frank Billings Medical Clinic, Department of Medicine, University 
of Chicago. 

1. (a) Kiefer, E. D., and Moravec, M.: The Diagnosis of Carcinoma of the 
Pancreas, S. Clin. North America 23:738, 1943. (b) Friedenwald, J., and Morri- 
son, T. H.: Primary Carcinoma of the Pancreas: Clinical Observations, Rev. 
Gastroenterol. 8:400, 1941. (c) Berk, J. E.: Diagnosis of Carcinoma of the 
Pancreas, Arch. Int. Med. 68:525 (Sept.) 1941. 
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AGE AND SEX 


The average age of the patients on their admission to the hospital 
was 55.9 years, the youngest being 29 and the oldest 79. This is 
identical with the average age of 56 years reported by twelve previous 
authors.** The sex ratio was 2 men to 1 woman; in 1,120 cases reported 
by twenty-one authors ** the sex ratio was 10 to 4. 


SYMPTOMS AND SIGNS 


In the first modern review of carcinoma of the pancreas Bard and 
Pic in 1888? emphasized four points: jaundice, distention of the gall- 
bladder, cachexia and loss of weight. These concepts were popularly 
identified with the disease for a long time, although the literature 
since then has stressed the significance of pain rather than that of 
jaundice. By far the predominant chief complaint in our cases was 
pain, followed in frequency by jaundice, loss of weight, anorexia, 


TasL_e 1.—Location of Carcinoma 








Jaundiced Nonjaundiced 


Anatomic Site Patients Patients Total 
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constipation, nausea and vomiting. The average duration of symptoms 
prior to admission to the hospital was 4.7 months, with a range oi 
from one to twelve months. 

Pain—Pain was present in some form or other in all 30 of the 
cases in which there was no jaundice and in 45 of the 60 in which 
jaundice was present. The pain was typically gradual in onset and 
variable in location and quality, usually being steady and continuous, 
although in some cases it was intermittent, with an increase in frequency 
and severity as the weeks passed. In some instances the pain was 
colicky, boring or stabbing. Occasionally it was described as a burning 
pain; usually it was not related to meals. At times it was more severe 
when the patient was in the supine position, and like most pain it was 
worse’at night. The most frequent sites were the epigastrium, the upper 
abdominal quadrants and the back (table 2); radiation to the 
back occurred in 22 cases and radiation to the left shoulder in 4. The 





2. Bard, L., and Pic, A.: Contribution 4 l'étude clinique et anatomo-pathologi- 
que du cancer primitif du pancréas, Rev. de méd., Paris 8:257-282 and 363-405, 


1888. 
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burning epigastric pain after meals suggested peptic ulcer, the colicky 
pains located under the right costal margin simulated gallbladder colic 
and the severe pains radiating to the back suggested the presence of 
pancreatitis. Salicylates afforded striking temporary relief to a few 
patients. 

Jaundice-—Jaundice was present in 60 of the 90 cases (66.6 per 
cent) and was painless in 15. Of 1,206 cases reported by seventeen 
authors,?© jaundice was noted in 68.5 per cent. As a rule the jaundice 
vas pronounced and progressive, although, as many writers have noted, 
remissions may occur. In 1 of our cases the jaundice subsided 
‘ompletely and the palpability of the gallbladder disappeared. 


Tasie 2.—Location of Pain (Primary) 








Without With Total 
Jaundice Jaundice Patients 
PIR kcckcccesvcccvctoccesocne “4 23 87 
Right upper quadrant...........seeceees + 10 14 
DEM vc ccccccccccceqecccccccscescecececce 5 9 14 
Left upper quadrant..........sseseseees 3 2 5 
Lett shoulder... ccccccccccccccccccccoces 1 1 2 
NNO PE ies cs crcacctcccsesessvaceceescce 1 0 1 
Abdomen (generalized)..........sseecces 6 15 21 





TasLe 3.—Symptomatology Other Than Pain and Jaundice 








Without With Total 
Jaundice Jaundice Patients 





Constipation 
Nausea and vomiting..........cseeeseees 


woormane Shs 
~ 
~~ 


72 
36 
29 
24 
18 
16 
15 
6 
4 
4 
4 








Loss of Weight.—Loss of weight was recorded in 72 of the 90 cases 
and seemed to have been present in all; it was usually severe, averaging 


32 pounds (14.5 Kg.), and it was accompanied with increasing cachexia 
(table 3). 


Anorexia.—Anorexia is usually among the earliest symptoms and 
by itself may be significant even though it was cited as a symptom in 
only 36 of the 90 patients. 

Nausea and Vomiting—Nausea and vomiting were noted in 24 
cases, due presumably to invasion of the bowel and to duodenal obstruc- 
tion. It occurred in 20 of the 60\patients with jaundice and in 4 of 
the 30 without jaundice. 

Diarrhea.—Diarrhea, noted in 18 cases, was often a puzzling 
manifestation. Steatorrhea was uncommon. The diarrhea was usually 
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accompanied not with cramplike intermittent pain but rather with the 
steady and continuous pain more typical of pancreatic neoplasm. 
Unexplained persistent diarrhea with abdominal pain and loss of weight 
should suggest the possibility of pancreatic disease. 


Signs.—The gallbladder was palpated preoperatively in 52 per cent 
of the jaundiced patients. Ability to feel the gallbladder with reasonable 
certainty may be complicated by abdominal rigidity or by the presence 
of an enlarged liver; the quadrate lobe may be confused with the gall- 
bladder. The average rate of palpability of the gallbladder among 
patients with jaundice in studies made by five other authors ** was 
50.9 per cent. 

An epigastric mass was noted in 32.2 per cent. Because of the 
recognized difficulty in the palpation of pancreatic tumors due to their 
retroperitoneal location near the lower costal margin, Eusterman * 
has recommended the use of intravenously induced anesthesia to facilitate 
examination. Kiefer and Moravec ** made the interesting observation 
that not all pancreatic tumors are fixed and that not all gastric tumors 
are movable. 

Pancreatic Enzymes.—Numerous attempts have been made to cor- 
relate carcinoma of the pancreas with disturbances of enzyme secretion 
and of blood levels. Noteworthy results in blood lipase studies have 
been reported by Comfort and Osterberg,* who found an increased 
level in 40 per cent of their cases, and by Johnson and Bockus,’ who 
found an increase in 6 of 11 cases, or 55.5 per cent. In our series few 
determinations were made, and hence we are not able to appraise their 
significance. 

Some investigators, including Comfort, Osterberg and Parker * and 
Bauman and Whipple,’ have studied the external pancreatic secretions, 
using a double-lumened tube. Comfort and his co-workers found 
diminished enzyme secretions in carcinoma of the head of the pancreas, 


3. Eusterman, G. B., and Wilbur, D. L.: Primary Malignant Neoplasm of 
the Pancreas: A Clinical Study of Eighty-Eight Verified Cases Without Jaundice, 
South. M. J. 26:875, 1933. 

4. Comfort, M. W., and Osterberg, A. E.: The Value of Determination of the 
Concentration of Serum Amylase and Serum Lipase in the Diagnosis of Disease 
of Pancreas, Proc. Staff Meet., Mayo Clin. 15:427, 1940. 

5. Johnson, T. A., and Bockus, H. L.: Diagnostic Significance of Deter- 
minations of Serum Lipase, Arch. Int. Med. 66:62 (July) 1940. 

6. Comfort, M. W.; Parker, R. L., and Osterberg, A. E.: Concentration of 
Pancreatic Enzymes in the Duodenum of Normal Persons and Persons with Dis- 
ease of the Upper Part of the Abdomen, Am. J. Digest. Dis. 6:249, 1939. 

7. Bauman, L., and Whipple, A. O.: The Diagnostic Value of Pancreatic 
Function Tests in Forty-Seven Treated Surgical Cases, Am. J. M. Sc. 207:281, 
1944, 
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carcinoma of the papilla of Vater and chronic atrophic pancreatitis 
with steatorrhea; normal values were obtained in cirrhosis of the liver, 
hepatitis, choledocholithiasis and stricture of the common duct. Bauman 
and Whipple found similar results and pointed out that the secretion 
may be normal also in carcinoma of the ampulla if an accessory duct of 
Santorini is present. We have not studied these methods. 

Fatty, foamy stools may occur and are significant, but they are 


not common. 
TaBLe 4.—Incidence of Glycosuria 


























Number of 
Cases 
Number in Which 
of Glycosuria Per- 
Authors Year Cases Was Present centage 
MEE: so ceadecteuéausernadeorecsos esebscseenes oe 1941 33 8 24.2 
Friedenwald and Morrison....... bWeseveress 1941 40 6 15 
Hiefer GRA MOPR VGC. occ ccecccccscesccccoccce 1943 74 7 10 
Average of fourteen authors (Berk)....... 1898 to 1941 692 65 9.4 
University Of Ohicago....ccccccccccoccccccces 1946 81 22 27.1 
TABLE 5.—Dextrose Tolerance Curves 
Evidence of 
Blood Sugar Levels (Mg./100 Cc.) Metasta- 
cr A ~ Jaundice sis to 
Patient Age Fasting %Hr, 1Hr. 2Hr. 3Hr. Present Liver Glycosurfa 
Wed icacsvabeaksns 57 116 145 202 198 171 Yes No Transient 
ae ee 49 79 172 255* 261 ose No Yes Transient 
Oe ee ere 65 97 162 282 246 = Yes No Transient 
Be Minekancownanave 89 149 ae 161 144 No Yes Transient 
Repeat test 89 162 oe 182 162 ange isn. Suaebepnese 
eS - 45 88 141 210 162 125 No < Transient 
Ve Risser scesbesee 68 96 142 193 190 153 No Yes Transient 
rh eer 54 117 162 190 198 170 Yes Yes None 
| eee 40 107 116 138 158 147 Yes No Transient 
So eee 45 81 124 178 254 149 Yes No Transient 
Gia sine cabins 37 a4 191 138 164 128 Yes Yes None 
) A ee 50 88 174 ose 221 110 Yes cece Frequent 
Bh Divsbiseeske ese 57 99 159 215 168 ad No No None 
PS Bee 49 95 ‘on 124 807 187 Yes No Transient 
,*. ee ee 50 92 138 165 172 116 Yes Yes None 
TE Mickdetcusécecs 56 114 195t 2513 1928 79 No Yes Transient 
pa ae eee 54 83 187 227 238 171 Yes No Transient 
Seen 58 80 150 neP 124 iui Yes No Jone 
5 ee 66 71 120 99 78 eee Yes ones None 
Or Biiseresscesace 67 72 181 ose 101 aoe Yes Yes None 
i Cs 43 181 237 254 338 250 No epee Yes 
Bs Giaediser seeder 64 127 199 251 264 180 Yes No Yes 





* One hour and fifteen minutes after fasting level. 
+ Forty-five minutes after fasting level. 
? One hour and twenty minutes after fasting level. 


§ Two hours and twenty-five minutes after fasting level. 


Carbohydrate Metabolism.—The possible relationship between pan- 
creatic carcinoma and abnormalities in casfJohydrate metabolism has 


interested many workers. 


In 1893 Mirallié* found glycosuria in 13 


of 50 cases, but subsequent investigators found it less frequently. 
According to the composite data of fourteen authors in nearly a half 
century from Mirallié to Berk ** the incidence of glycosuria was 9.4 


8. Mirallié, C.: Cancer primitif du pancréas, Gaz. d. hdp. 46:889, 1893. 











+ 


178 ARCHIVES OF INTERNAL MEDICINE 


per cent (table 4); Mirallié’s figure was 26 per cent and Berk’s 24.2 
per cent. Marble ® reported that carcinoma of the pancreas constituted 
13 per cent of two hundred and fifty-six malignant processes occurring 
with diabetes mellitus; McKittrick and Root,?® from a study of 37 
cases, raised the figure to 32.4 per cent, These are certainly striking 
figures and represent an incidence far above that of any other neoplasm 
occurring in patients with glycosuria. In our series preoperative 
glycosuria, although often transitory, was found in 21 of 81 cases 
studied (27.1 per cent). 

The incidence of hyperglycemia in 25 cases was 60 per cent; this 
figure has little significance since these cases were usually selected from 
the glycosuria group. The dextrose tolerance test is a better index 
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Fig. 1—Composite dextrose tolerance curve of 21 patients treated. 


of carbohydrate metabolism and is of particular interest. Berk ?¢ found 
the dextrose tolerance impaired in 7 of 9 and Friedenwald and Cullen ™ 
in all 4 of their cases. However Eusterman*? in 1922 and Ransom * 
in 1938 found abnormalities in only 10.4 per cent and 17.1 per cent of 
their cases respectively. The tolerance curves obtained in 21 cases in 
this series are shown in table 5. It will be noted that the first 16 


9. Marble, A.: Diabetes and Cancer, New England J. Med. 211:339, 1934. 

10. McKittrick, L. S., and Be, H. F.: Diabetic Surgery, Philadelphia, Lea 
& Febiger, 1928. 

11. Friedenwald, J., and Cullen, T. S.: Carcinoma of the Pancreas: Clinical 
Observations, Am. J. M. Sc. 176:31, 1928. 

12. Eusterman, G. B.: Carcinoma of the Pancreas: A Clinical Study of One- 
Hundred and Thirty-Eight Cases, Tr. Am. Gastro-Enterol. A. 25:126, 1922. 

13. Ransom, H. K.: Carcinoma of the Pancreas and Extrahepatic Bile Ducts, 
Am. J. Surg. 40:264, 1938. 
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Fig. 2.—A, stomach curved about a large mass with distortion of the duodenum 
due to carcinoma of the body and tail. The patient, a 59 year old woman had a 
constant and “grinding” abdominal pain for eight months. A nontender fixed 
mass palpated in the mid-abdomen was diagnosed as a retroperitoneal mass, pos- 
sibly a pancreatic cyst. B, wide duodenal loop in a 40 year old man who had 
symptoms of severe weight loss, anorexia and steady burning pain in the epigas- 
trium. Laparotomy disclosed a large mass in the head of the pancreas. However 
the tip of the head was normal, thus perhaps explaining the absence of jaundice. 











Fig. 3.—A, sténosis at apex of bulb with five hour gastric retention. Duodenal 
ulcer was suspected in this case, involving a 60 year old man who had symptoms 
of gastric retention and vomiting. Laparotomy revealed a hard stony pancreatic 
mass involving the second portion of the duodenum. B, high grade obstruction in 
a 76 year old man complaining of painless jaundice, weight loss, nausea and weak- 
ness. Exploration revealed a primary mass in the head of the pancreas encircling 
the duodenum! 
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patients had two hour intervals ranging from 151 to 307 mg. of 
sugar per hundred cubic centimeters of blood. According to the 
methods used in these tests, a normal two hour value would be 95 mg. 
per hundred cubic centimeters. In view of these notable and sustained 
increases, the first 16 patients have been arbitrarily classified as having the 
diabetic type of dextrose tolerance curves although none of them had more 
than occasional spilling of sugar in the urine and all had fasting blood 
sugar levels within or not far above normal ranges. Normal fasting 
blood sugar levels determined by these methods lie between 60 and 
90 mg. per hundred cubic centimeters, all non-glucose-reducing sub- 
stances being excluded. In cases 17, 18 and 19 the curves were 











Fig. 4—A, irregular destruction of the duodenal mucosa, with narrowing of 
the lumen from encroachment of carcinoma of the head of the pancreas in a 57 
year old man who had jaundice, anorexia and a weight loss of 25 pounds (11 Kg.) 
in three months. The gallbladder was palpable. B, marked irregularity and nar- 
rowing of the second portion of the duodenum by invading carcinoma of the head 
of the pancreas in a 47 year old white man. On admission he complained of a 
dull aching pain in the right upper quadrant radiating to the back. Jaundice, 
itching, severe weight loss and a palpable gallbladder were present. 


roughly within normal limits. The patients in cases 20 and 21 were 
considered to have diabetes mellitus because of definite persistent glyco- 
suria and elevation of the fasting blood sugar level. The patient in case 
20 required considerable doses of insulin. A composite curve for 
the 21 patients tested is shown in figure 1. 

Roentgenologic Examination.—Notwithstanding the lack of a radio- 
paque dye which can be selectively absorbed by the pancreas, the 
indirect evidence afforded by careful roentgen examination greatly 
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enhances the chance of correct diagnosis. In this series evidence sug- 
gestive of the lesion was present in 35 (48.6 per cent) of 72 patients 
given such examination. The signs found most commonly were 
irregularities in the duodenal contour in 13 cases (18 per cent), dis- 
tortion and displacement of the stomach in 10 cases (14 per cent), 
deformities of the duodenal bulb, sometimes with crater, in 9 cases 
(12.5 per cent) and expansion of the duodenal loop in 4 cases (5.6 
per cent). Diverticulum of the second portion, observed in 4 patients, 
was not included among the positive findings. Figures 2 to 5 illustrate 
some of the roentgenograms suggesting the lesion found at operation. 
Lesions of the body and tail are less likely to produce roentgen signs 











| 





Fig. 5.—A, deformity of the second portion of the duodenum interpreted as due 
to neoplasm. The patient, aged 78, complained of pain in the lower right costal 
region. He was a chronic cardiac cripple with hypertension, auricular fibrillation 
and decompensation. Laparotomy revealed carcinomatous involvement of the head 
and uncinate process of the pancreas. B, stenosing lesion of the third portion of the 
duodenum in a 54 year old woman who had had epigastric pain, anorexia, vomiting 
and a weight loss of 25 pounds (11 Kg.) in five months. Pain radiated to the back 
and was worse at night. The primary lesion was carcinoma of the body of the 
pancreas invading the duodenum and the first part of the jejunum. 


than those of the head, but they frequently distort the posterior wall 
of the body of the stomach or depress the stomach along the lesser 
curvature. 

Cholecystograms disclosed nonvisualization of the gallbladder in 19 
of 23 patients with jaundice and in 6 of 8 patients without jaundice. 
In only 2 instances was there a fully normal visualization; in 7 the 
roentgenograms disclosed stones. 
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COMMENT 


The first consideration in the diagnosis of carcinoma of the pancreas 
is to keep the disease in mind. This is easy when the patient presents 
the classic picture of jaundice, cachexia, loss of weight and a palpable 
gallbladder. Difficulty is encountered in regard to the patients without 
jaundice, who comprise one third of all those affected. Pain was 
present in all the patients studied. It was usually located in the upper 
part of the abdomen, though frequently in the back or radiating through 
to the back, and it was dull, steady and continuous in character and 
sometimes aggravated by the supine position. Rapid loss of weight 
was described in 72 of the 90 cases and seemed on physical examination 
to have been present in many more or perhaps in all. Constipation is 
a common symptom, but since it occurs in so many disturbances it is 
of little significance. Diarrhea is less frequent (20 per cent), but 
nevertheless it is an extremely important symptom for it tends to be 
persistent, not explained in the usual ways and not relieved by the 
usual measures. Steatorrhea is even more significant, and when coupled 
with the other symptoms mentioned it is almost pathognomonic. A 
transient glycosuria occurred in 27.1 per cent of cases; a diabetic 
type of dextrose tolerance curve was found in 18 of the 21 patients 
tested. Roentgenologic studies of the gastrointestinal tract serve to 
exclude lesions such as carcinoma of the stomach and may provide 
evidence of an extrinsic mass in the region of the pancreas. With more 
careful study and greater diagnostic acumen, the accuracy of pre- 
operative diagnosis should be greatly enhanced and patients subjected 
to operation at an earlier date. 


SUMMARY 

1. Pain is an extremely important and early symptom of carcinoma 
of the pancreas; it was described in 83 per cent of the 90 cases studied. 
Although variable in character, it was typically dull and persistent and 
located high in the abdomen, but occasionally it was referred to the 
lower part of the abdomen. It was primary in the back in 14 cases 
and radiated to the back in 22 cases. 

2. Jaundice was present in two thirds of the patients. In 58 per 
cent of these the gallbladder was palpated preoperatively. 

3. An epigastric mass was noted in about one third of the patients. 

4. Progressive and rapid loss of weight is extremely significant; 
it occurred in at least 80 per cent of our series. Persistent anorexia 
is of similar importance. 

5. Persistent unexplained diarrhea, particularly steatorrhea occur- 
ring with abdominal pain, is suggestive of pancreatic neoplasm. 

6. Glycosuria, usually inconstant, occurred in 27.1 per cent of the 
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cases; a diabetic type of dextrose tolerance curve was found in 18 of 21 
patients tested. The diagnostic value of this procedure may be greater 
than it has been realized in the past. 

7. Roentgen signs of diagnostic importance were noted in 48.6 per 
cent of the series. Greater attention should be paid to the possibilities 
of roentgen examination as a diagnostic procedure. 


CONCLUSION 


While there are no pathognomonic criteria for pancreatic neoplasm 
and the clinical picture is somewhat variable, the essential features are 
nevertheless so definite and the procedures mentioned so helpful that 
the diagnosis should be made earlier and more accurately than it is 
at present. The old injunction to “keep the disease in mind” cannot be 
repeated too often. 
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PONTANEOUS hypoglycemia, because of its varied symptomatol- 

ogy, can easily simulate a number of pathologic conditions, in particular 
epilepsy, narcolepsy, hysteria, psychoneurosis, hyperthyroidism, hypo- 
parathyroidism, cardiac neurosis and angina-like symptoms. 

While hypoglycemia simulating other diseases is now reported with 
rising frequency, little has been written on the coexistence of spontaneous 
hypoglycemia with other conditions of similar symptomatology. In this 
paper we should like to present observations on spontaneous hypogly- 
cemia associated with electrocerebral dysfunction and hypocalcemia. 
Because of the similarity of the clinical picture in all three conditions the 
recognition of their coexistence appears to be of clinical importance. 


MATERIAL AND METHODS 


A group of 8 patients presenting symptoms usually observed in 
psychoneurosis, spontaneous hypoglycemia or hypocalcemia were 
studied. The glucose tolerance tests were carried out by the routine 
oral method. The blood sugar contents were determined by the 
Folin-Wu method from samples of venous blood obtained while the 
patients were in the fasting state and at half hour intervals during 
the three hours following the ingestion of 100 Gm. of dextrose. The 
serum calcium content was determined by the Clark and Collip method. 

Electroencephalograms were taken by means of the three channel 
Grass instrument. Both the bipolar and the monopolar system of record- 
ing potential variations from the brain were utilized. Electrodes were 
placed over the prefrontal, motor, parietal and occipital regions of the 
head bilaterally ; indifferent electrodes were applied to the ear lobes. 


From the departments of medicine (Division of Metabolism) and neurology 
and psychiatry, New York Post-Graduate Medical School and Hospital, and the 
New York State Psychiatric Institute. ; 
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In order to avoid the effect of low blood sugar concentrations the 
electroencephalograms were taken after a normal meal (breakfast or 
lunch). : 

Patients were routinely hyperventilated for a period of two minutes 
after a preliminary resting record was obtained. The criteria for deter- 
mining abnormal activity were the presence of slow potentials, high 
amplitude fast potentials and irregular or disorganized patterns. 


REPORTS OF CASES 


Case 1.—A man aged 42 years experienced a severe epigastric pain, with radi- 
ation into the right side of the chest, about two years prior to his first visit to 
the hospital. The pain came on two hours after dinner. The patient was given 
an injection of morphine, and then he was confined to bed for seven weeks, with 
the diagnosis of coronary thrombosis. Immediately after the attack and during 
his entire stay in the hospital he was free from pain and felt fairly well. Electro- 
cardiograms taken on several occasions showed no evidence of cardiac disease. 
He remained well for the next two years until one morning when he found him- 
self on the floor of his bathroom with no recollection of what had happened to 
him. From then on “blackouts,” without loss of consciousness, occurred almost 
every day when he rose. They were accompanied with profuse perspiration, short- 
ness of breath, a shaky feeling and a tendency to fall. On several occasions he 
had actual convulsions. The “blackouts” lasted a few minutes and were succeeded 
by “a feeling of being limp all over” for a period of hours. He was treated by 
many outstanding physicians and was given various medicines both orally and 
parenterally without effect. A neurologic check-up in a leading institution is 
reported to have been entirely noncontributory. Then psychotherapy was sug- 
gested but was refused by the patient. 


Physical examination revealed nothing abnormal except for overweight and a 
slight tremor of the hands. 


Laboratory Data.—A glucose tolerance test revealed spontaneous hypoglycemia 
(table 1). The blood sugar level, determined at the end of an attack which did not 
bring loss of consciousness and which lasted a few minutes, was 105 mg. per hun- 
dred cubic centimeters. The basal metabolic rate was —8 per cent. Liver function 
tests, cholecystography and drainage and culture of bile revealed no abnormalities. 
Roentgenologic examination of the gastrointestinal tract revealed a small 
hiatus hernia. The electroencephalogram was slightly abnormal as evidenced by 
random 6 to 8 cycles per second potentials, which were appreciably increased on 
hyperventilation. There was no evidence of a unilateral focus (figure). 

The patient was placed on a maintenance diet for hypoglycemia and given 
diphenylhydantoin sodium and small doses of phenobarbital in combination with 
atropine. On this therapy he showed a striking improvement. His blackouts sub- 
sided completely, and he was able to resume his work. There remained, however, 
mild paresthesias in the chest and arms. On reexamination Chvostek’s sign could 
be elicited and the serum calcium level was found to be 7.5 mg. per hundred cubic 
centimeters. He then was given calcium gluconate parenterally, which resulted 
in prompt disappearance of the paresthesias. He has been well for the past fifteen 
months. However another electroencephalogram taken after three months of treat- 
ment when the patient was free from symptoms showed a pattern similar to that 
obtained before the treatment was begun. 
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Case 2.—The patient, a white woman 40 years of age, had symptoms even as 
a young girl. For a number of years she occasionally felt “something of a barrier 
between herself and other people” and sometimes felt “as if she were doped.” 
During the depression of 1929 her father committed suicide and the patient, 15 
years old at that time, began to suffer from claustrophobia. Two months before 
she was first seen by us (in 1944) she had acute pyelitis, and shortly thereafter 
she lost her appetite. As a result her weight declined appreciably. A number of 
symptoms then developed, such as chills and profuse sweats, coldness in the extrem- 
ities, excessive hunger, crying spells associated with shaking and tingling sensation 
and double vision. After two weeks’ observation in a hospital she was discharged, 
with the diagnosis of pulmonary tuberculosis and psychoneurosis. However the 
patient herself soon noticed that crying spells would disappear shortly after the 
intake of food but that if not enough food was eaten double vision would come 
back. 

The physical examination was essentially noncontributory. 

Laboratory Findings.—Roentgenograms of the chest showed old healed bilateral 
apical tuberculosis. A glucose tolerance test revealed spontaneous hypoglycemia 


TABLE 1.—Blood Glucose Levels (Milligrams per Hundred Cubic Centimeters) 
After Administration of One Hundred Grams 








Case 1 Case 2* Case3 Case4 Casei Oase6 Case? Case 8 


Before administration........ 77 O4 81 94 86 7 86 75 

fe 
% br. after administration... 104 of 74 121 126 131 107 101 

1 hr. after administration... 93 94 66 115 115 82t 72t 123 
136 

114 br. after administration... 86 93 50t oe 74t 86 86 120 

2 hr. after administration... 70 100 61 91 78t 68 76t 100 
96 

2% hr. after administration... 69 83 68 oe 86 79t 82 68t 

3 hr. after administration... 62 S4t 55t 64t 62 7 7 52t 
90t 





* In this case the tolerance test was carried out twice. 
+ Hypoglycemic symptoms such as weakness, dizziness, excessive perspiration, nervousness, 
crying spells, fainting spells and epigastric distress were demonstrated. 


(table 1). The serum calcium level was 9.7 mg. per hundred cubic centimeters, 
and the basal metabolic rate was —8 per cent. The electroencephalogram showed 
abnormal electrocortical activity over the entire cortex evidenced by random and 
short series of waves of 6 to 8 cycles per second.. Hyperventilation resulted in sev- 
eral bursts of high voltage activity of 3 to 4 cycles per second. The pattern was 
the type frequently noted in convulsive disorders. 

The treatment consisted of a diet for hypoglycemia and the administration of 
diphenylhydantoin sodium, phenobarbital and small doses of atropine. Occasionaliy 
dextroamphetamine sulfate was also prescribed. The patient responded to this 
treatment satisfactorily and had mild symptoms only after overwork or when she 
did not eat enough. A recurrence of moderate symptoms was observed during a 
three week period of virus pneumonia, but the patient has remained free from 
symptoms for the last two years 

Case 3—A married woman aged 29 years gave a history of having suffered 
for years from nervousness, crying spells, insomnia, fatigue, depression, anxiety 
and “fear of impending disaster.” Crying spells and spells of depression would 
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end abruptly for no apparent reason and occasionally were followed by a feeling 
of well-being and optimism. She also had headaches on arising in the morning, 
which often lasted throughout the day. 

In this case the correct diagnosis was first missed. Because of helminthiasis 
and low grade anemia the patient was first given hexylresorcinol and methylro- 
saniline chloride and then ferrous sulfate and parenteral injections of liver extract 
with vitamin B complex. She felt somewhat improved, but soon the old complaints 
came back. It was then thought that they might be related to financial troubles 
and marital problems, and the patient was referred to a psychiatrist. However, 
she did not respond to psychotherapy, and her depression became intensified. Three 
years. after she was first seen she was reexamined by one of us (M. F.). This 
time a more detailed history was obtained. 

Since childhood the patient had been subject to spells of weakness associated 
with confusion and frequent episodes of drowsiness, and she often lived in a dazed 
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Electroencephalographic tracings. A, case 1; B, case 4; C, case 6. 


state of mind. She was unable to concentrate and unable to make a success of 
anything. There was also a history of moaning and muscular twitchings during 
the night. In recent years a change of personality occurred. She quarreled for 
trivial reasons and threw objects in frenzies of anger. Afterward there was always 
abysmal shame and regret for this behavior, but she was unable to control it. 

Because of this history the possibility of an epileptic state was considered. The 
electroencephalogram was abnormal as indicated by random waves of 6 to 8 
cycles per second and occasional increased voltage discharges of 7 cycles per 
second rhythm. Hyperventilation increased the 6 to 7 cycles per second activity. 
The tracing was considered consistent with a convulsive tendency or with a gen- 
eralized physiologic cerebral disturbance. 

With anticonvulsive therapy there was some improvement, but the results were 
unsatisfactory and the patient continued to have mild spells. Then a glucose toler- 








188 ARCHIVES OF INTERNAL MEDICINE 


ance test was made and gave results typical of spontaneous hypoglycemia (table 1). 
The serum calcium level was found to be 8.7 mg. per hundred cubic centimeters. 
When the anticonvulsive therapy was supplemented by proper diet for hypoglycemia 
the patient gained 14 pounds (6.4 Kg.) in three weeks and showed a rapid and 
striking improvement. The daily crying spells ceased. She was able not only to 
work without undue fatigue but also to complete a year’s course of chemistry 
with the idea of becoming a laboratory assistant. . 

CasE 4.—A married woman aged 24 years had had attacks of sudden weakness 
and fainting spells for about a month. The first attack occurred after nine hours 
of driving to attend her grandfather’s funeral. At the breakfast table she had “a 
feeling of numbness and of going away,” and she then began to dry dishes auto- 
matically. After ten minutes she felt exhausted, frightened and extremely sleepy, 
but she was afraid to go to sleep. The physician who examined her at that time 
found a blood pressure of 160 systolic and 100 diastolic, which an hour later was 
138 systolic and 80 diastolic. The second attack occurred three weeks later around 
10:30 in the morning. She was reading to her sick son when suddenly she felt 
panicky and short of breath.. A physician who examined her half an hour later 
ascribed the symptoms to nervousness. The third attack occurred a week later, 
again around 10 a.m. She was working and “felt wonderful when suddenly she 
began to feel shaky inside, scared and very lonely.” 

Even as a child the patient was extremely nervous and had tremor of the 
hands, especially when excited. During the two years preceding her first visit to 
us she exhibited muscular twitchings while asleep during the night. Her diet in 
the past few years had been inadequate and the distribution of meals incorrect. 
She had breakfast early in the morning and then ate little or nothing until supper 
time. 

The physical examination revealed nothing abnormal except for tremor of the 
hands and a slightly positive Romberg sign. 

Laboratory Data——The reaction to the glucose tolerance test was typical of 
spontaneous hypoglycemia (table 1), the serum calcium level was 7.6 mg. per 
hundred cubic centimeters and the basal metabolic rate was slightly increased on 
two occasions, i.e., + 17 and + 22 per cent. The electroencephalogram was abnor- 
mal and showed frequent trains of high amplitude 7 to 8 cycles per second rhythm 
in addition to random 6 cycles per second potentials. Hyperventilation increased 
the incidence of the slow activity. The tracing was considered to be highly con- 
sistent with a convulsive tendency (figure). 

She made a prompt response to the dietary management supplemented with 
diphenylhydantoin sodium and phenobarbital. She was also given calcium glu- 
conate parenterally. A few mild attacks occurred after emotional upsets or omis- 
sion of meals, but on the whole she was greatly improved and was able to go 
through another pregnancy without untoward symptoms. 

Case 5.—A young woman 22 years of age enjoyed good health until four years 
before her first visit to one of us (M.F.). At that time attacks of weakness, nervous- 
ness and trembling developed. The attacks usually came on around 4 o’clock in 
the afternoon and were relieved by the intake of sweet beverages. She also com- 
plained of headaches, depression and crying spells. Her physician made a diag- 
nosis of hyperthyroidism and prescribed rest and a diet. On this regimen she 
improved, but the symptoms repeated themselves on two occasions after a decline 
in’ weight. In recent months she had lost some 10 pounds (4.5 Kg.), and her 
attacks had recurred once more. 
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The physical examination revealed only tremor of the hands and a slightly 
positive Chvostek sign. 

Laboratory Data.—The reaction to the glucose tolerance test was characteristic 
of spontaneous hypoglycemia. The serum calcium level was 8.2 mg. per hundred 
cubic centimeters, the blood count revealed the presence of slight anemia (hemo- 
globin content 82 per cent and red blood cells 3,740,000) and the basal metabolic 
rate was —5 per cent. The electroencephalogram was abnormal as evidenced by 
a predominant fast type of record with occasional 7 to 8 cycles per second 
potentials. Hyperventilation increased the voltage output of the fast activity. 

The patient was given liver extract in combination with vitamin B complex, 
phenobarbital and diphenylhydantoin sodium, and in addition she was given a 
diet for hypoglycemia. She responded well to this therapy, but her symptoms 
were not controlled completely until injections of calcium gluconate were substi- 
tuted for the liver extract and the vitamin B complex. 

Case 6.—A 21 year old woman, sister of the patient in case 4, had been having 
attacks for four months. The attacks consisted of abdominal pain, nausea, vomit- 
ing, numbness in the head, shaking, sensation of being limp, weakness, exhaustion, 
depression and crying spells. She was afraid of people and afraid of being alone. 
In the three months preceding the onset of symptoms her weight dropped from 
112 (50.8 Kg.) to 99 pounds (45 Kg.). 

Physical examination showed only tremor of the hands and markedly exag- 
gerated reflexes. 

Laboratory Data—The result of the test of glucose tolerance is given in 
table 1. The basal metabolic rate on the first examination was + 53 per cent; 
a month later it was + 26 per cent, and after four months of treatment it dropped 
to —8 per cent. The serum calcium level was 7.9 mg. per hundred cubic centi- 
meters. The blood count showed a hemoglobin content of 82 per cent and 3,900,000 
red blood cells. The electroencephalogram was abnormal, as evidenced by much 
5 to 8 cycles per second activity in the tracing (figure). The record was interpreted 
as consistent with some diffuse cerebral disturbance or with a convulsive tendency. 

The treatment in this case consisted of dietary management of hypoglycemia 
and the administration of diphenylhydantoin sodium, phenobarbital and occasion- 
ally dextroamphetamine sulfate. The patient also received calcium gluconate and 
liver extract with vitamin B complex parenterally for a period of four weeks. 
The response to this therapy was excellent, and she was able to resume her 
study of music. After a few weeks of treatment she was able to work at her piano 
up to eight hours a day. In the past eighteen months she has experienced recur- 
rences of mild symptoms only during menstrual periods, after emotional upsets 
or when her meals have been delayed. 

Case 7.—A 33 year old housewife, sister of the patient in case 3, had had 
crying spells even as a child but otherwise had been in good health until the 
age of 17. She then felt unusually tired and slightly dizzy. Her fatigue became 
particularly worse at the age of 25 after she got married. On account of her 
husband’s irregular working hours she could not eat properly or sleep enough, 
and her weight declined from 115 (52 Kg.) to 99 pounds (45 Kg.). The vertigo, 
which was rather slight in previous years, became so accentuated that occasionally 
she would lose her balance on turning around quickly or on awakening, in which 
case the vertigo disappeared after breakfast. She also complained of inability to 
concentrate and of feeling excessively hungry and irritable before lunch and dinner. 

The physical examination was essentially noncontributory except that slight 
tenderness was revealed in the right upper abdominal quadrant. The laboratory 














190 ARCHIVES OF INTERNAL MEDICINE 





findings of interest were a hemoglobin content of 92 per cent, a red blood cell 
count of 3,880,000 and the presence of ova of Ascaris in the feces. 

After the administration of santonin she expelled six worms, and she then was 
given ferrous sulfate by mouth and liver extract with vitamin B complex paren- 
terally. She was not seen again until three years after her first visit. This 
time she reported that some two years previously she had had her second child. 
Her general condition seemed to have deteriorated recently, and she lost some 
weight. She wondered if she could not be benefited by the therapy which had 
done so much good for her sister. 

The laboratory examination this time revealed the presence of spontaneous 
hypoglycemia (table 1) and a serum calcium level of. 7.3 mg. per hundred cubic 
centimeters. The blood count showed a hemoglobin content of 83 per cent and a 
red blood cell count of 3,800,000. The electroencephalogram was slightly abnormal 
as indicated by an occasional 6 to 8 cycles per second potential. Hyperventilation 
produced a few short bursts of 6 cycles per second rhythm. 

The therapy in this case consisted of a diet for hypoglycemia and the paren- 
teral administration of liver extract alternately with calcium gluconate. The 
patient was also given diphenylhydantoin sodium, ferrous sulfate and vitamin B 
complex. Within a few weeks her condition was greatly improved and she lost 
completely the feeling of undue fatigue. In four months she gained over 14 
pounds (6.4 Kg.). A blood count taken about two months after the treatment 
was begun was found to be normal, whereupon administration of liver extract 
and iron was stopped. She continues to take diphenylhydantoin sodium, and 
occasionally she takes dextroamphetamine sulfate once or twice daily. The only 
remnant of her original symptom complex in the past year were spells of depres- 
sion, and they were infrequent and of short duration. 

Case 8—A white man aged 36 years suffered from digestive disturbances for 
over fifteen years. He also complained of nervousness, restlessness, dizziness and 
spells of depression and anxiety. He was being treated for duodenal ulcer, 
and the physicians under whose care he had been ascribed his nervous condition 
to the persistence of the duodenal condition. 

On physical examination deep tenderness was found in the right upper and 
right lower abdominal quadrants. Roentgenologic studies revealed a gallbladder 
filled with stones and chronic appendicitis. Surgical intervention was advised, 
and cholecystectomy and appendectomy were carried out. At the operation the 
clinical diagnosis of cholelithiasis and chronic appendicitis was confirmed and the 
search for a possible gastric or duodenal ulcer was fruitless. After the operation 
the patient’s digestive symptoms subsided, but within six months he began to 
experience gassy distention and abdominal discomfort. He was extremely 
nervous and irritable. He felt fatigued and was without ambition. At this point 
he consulted one of us (M. F.) again. He complained about a fear of impending 
danger. He feared that the operation was not successful, that cancer had been 
found in his stomach and that there was no hope for him. Although a man of 
relative wealth, he was greatly concerned about the financial security of his 
wife and daughter. 

On examination he appeared unhappy, tense and restless and exhibited a slight 
tremor of both hands. 

The laboratory findings were as follows: The blood count as well as the 
blood cholesterol and ester levels were normal. The serum calcium was 9.6 mg. 
per hundred cubic centimeters. The basal metabolic rate was +16 per cent. 
There was marked gastric hyperacidity, and the stools contained a large number 
of poorly digested muscle fibers. After oral administration of dextrose a notable 
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drop in the glucose content of the blood occurred in the third hour (table 1), 
and this decline was accompanied with weakness, dizziness and perspiration. These 
symptoms subsided promptly after he had taken a glass of orange juice. 

The electroencephalogram was abnormal as evidenced by a fast type of record 
which showed numerous sharp formations and an occasional wave of 6 to 8 cycles 
per second. Hyperventilation resulted in random 5 cycles per second potentials 
and increased the 6 to 8 cycles per second activity. 

The patient was given a diet for hypoglycemia and gastric hyperacidity and 
also diphenylhydantoin sodium and small doses of phenobarbital in addition to 
medication for the digestive disorders. Since he was observed for only three 
months before this paper was completed, it is too early to report on the final 
effect of the prescribed therapy. It may, however, be mentioned that his digestive 
symptoms have subsided, his nervous condition has improved remarkably and his 
personality traits have become more or less normal. 


TABLE 2.—Symptoms Common to Spontaneous Hypoglycemia and 
Cerebral Dysrhythmia 
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Symptoms Common to the Three Conditions——A number of symp- 
toms observed in our patients are of a nature common to both spontane- 
ous hypoglycemia and cerebral dysrhythmia. Table 2, in which the most 
frequent of these symptoms are listed, shows clearly that any of these 
conditions could account for the clinical picture presented by the patients. 
The same applies to the symptoms which are commonly observed in 
spontaneous hypoglycemia and parathyroid insufficiency, which are rep- 
resented in table 3. 

The distribution of the most outstanding symptoms was as follows: 
A tendency to faint, depression and personality changes were observed 
in all patients. Headaches, dizziness, fogginess and anxiety were fre- 
quently encountered. Sudden fatigue and muscular weakness, tenseness 
and restlessness and palpitation were present in all patients with hypo- 
calcemia. Crying spells were noted in all female patients. 
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Time at Which Symptoms Occurred.—Symptoms occurred mainly 
within one-half to two hours or occasionally up to four hours after meals. 
The patient in case 3 experienced malaise, extreme nervousness. and 
confusion frequently within fifteen minutes after eating. She and the 
patient in case 4 were the only ones in the entire group who exhibited 
symptoms during the night (groaning, restlessness and muscular twitch- 
ings). The patient in case 1 was subject to frequent fainting spells on 
arising in the morning. 

It is generally accepted that manifestations of spontaneous nonorganic 
hypoglycemia appear within two to four hours after meals. There are, 
however, some reports in the literature which do not seem compatible 
with this view. Labbé, for instance, observed a case in which severe 
symptoms with loss of consciousness occurred within a few minutes 


TABLE 3.—Symptoms Common to Spontaneous Hypoglycemia and Hypocalcemia 








No. of 
Symptoms 
Dizziness Crying spells 
Shortness of breath Bursts of temper 
Fatigue and muscular weakness.... Anxiety or fear of impending dis- 
Tendency to faints 
Temporary blackouts.............. 
Paresthesias 


Muscular twitchings...........+..0+ 
Oonvulsions 

Headaches....... ecsccbcbeusebeebess 
Migraine 

Tenseness and restlessness 





after the ingestion of food. In another case observed by the same author ? 
malaise, weakness, vertigo, diplopia, excessive hunger and epigastric 
pain came on within a few minutes after meals. Our own experience 
seems to indicate that the clinical state of nonorganic hypoglycemia may 
develop within fifteen minutes after a meal as well as in the post- 
absorptive state. 

Correlation Between Clinical Symptoms and the Blood Sugar Val- 
ues.—The fasting blood sugar levels in our group of patients were within 
the normal range (75 to 97 mg. per hundred cubic centimeters). The 
curves for glucose tolerance were rather flat, and the peak of the rise 
did not exceed 131 mg. Levels lower than the initial ones were obtained 
for all patients within one-half to two and a half hours after administra- 


1. Labbé, M.; Brulé, M., and Lenégre: Un cas d’hypoglycémie spontanée 
avec amélioration persistante, Bull. et mém. Soc. méd. d. hép. de Paris 48:101, 
1932. 

2. Labbé, M.; Boulin, R., and Petresco, M.: Hypoglycémie alimentaire, 
Bull. et mém. Soc. méd. d. hép. de Paris 48:181, 1932. 
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tion of dextrose. An attempt at spontaneous recovery from low blood 
sugar levels was seen in 5 cases (cases 2, 3, 5, 6 and 7), but actual 
return to fasting values during the three hour period of observation 
was noted only in cases 5 and 7. The clinical symptoms of hypoglycemia 
coincided with the decrease of the blood sugar to below the initial level 
even when the glucose concentration did not descend to definitely 
hypoglycemic values, so that the symptoms were often out of proportion 
to the actual blood sugar values. 


The current opinion is that the demonstration of a sufficiently low 
blood sugar level during attacks is a prerequisite to the diagnosis of 
hypoglycemia. In our cases we have not found such a correlation between 
the concentration of giucose in the blood and the clinical symptoms. 
The attacks occurred when there were normal or mildly decreased levels. 
That they were related to variations in the blood glucose concentration, 
however, is borne out by the fact that they were promptly relieved by 
administration of sugar and that they subsided when the rebound rise 
in the blood sugar level took place even when this rise was not significant. 
Discrepancies between the laboratory evidence and the clinical state of 
hypoglycemia in various clinical and experimental conditions have been 
reported by a number of investigators. In a group of diabetic persons 
studied by John® insulin reactions coincided with low blood sugar 
levels in only 54 per cent. Similarly, Sevringhaus and others* have 


observed that reactions produced by administration of insulin in normal 
subjects may appear when the blood sugar is at various levels. Hypo- 
glycemic symptoms may be absent when there are low blood sugar levels 
in diabetic persons treated with insulin,® as well as in hyperinsulinism of 
pancreatic origin.® Conversely, severe attacks may occur in hyper- 
insulinism when the levels are comparatively high,” while in hypo- 
glycemia caused by adrenal insufficiency * or by starvation ®* clinical 


3. John, H. J.: The Lack of Uniformity in the Insulin Reaction, Am. J. M. 
Sc. 172:96, 1926. 

4. Sevringhaus, E. L.; Kirk, E., and Heath, H. J.: The Duration and 
Magnitude of the Hypoglycemia After Insulin, Am. J. M. Sc. 166:677, 1923. 

5. Peters, C. A., and Rabinowitch, I. M.: A Case of Diabetes Mellitus 
Showing Aglycemia Without Symptoms, Am. J. M. Sc. 178:29, 1929, 

6. (a) Romano, J., and Coon, G. P.: Physiologic and Psychologic Studies 
in Spontaneous Hypoglycemia, Psychosom. Med. 4:283, 1942. (b) Wilder, R. M.: 
Clinical Diabetes Mellitus and Hyperinsulinism, Philadelphia, W. B. Saunders 
Company, 1941. 

7. Mosenthal, H. O.; Ashe, B. I.; Poindexter, C. A., and MacBrayer, R.: 
Spontaneous Hypoglycemia Occurring in the Course of Essential Hypertension, 
M. Clin. North America 17:41, 1933. 

8. (a) Engel, G. L., and Margolin, S. G.: Neuropsychiatric Disturbances 
in Internal Disease: Metabolic Factors and Electroencephalographic Correlations, 
Arch. Int. Med. 70:236 (Aug.) 1942. (b) Thorn, G. W.; Koepf, G. F.; Lewis, 
R. A., and Olsen, E. F.: Carbohydrate Metabolism in Addison’s Disease, J. Clin. 
Investigation 19:813, 1940. 
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manifestations may develop when the blood glucose concentration is 
higher than that in normal subjects during attacks. 

In explanation of the lack of parallelism between clinical symptoms 
of hypoglycemia occurring after administration of insulin and the blood 
sugar values in diabetes, it has been postulated that the rapidity with 
which the blood sugar level falls is the factor responsible for the 
reactions. An alternative explanation of a similar lack of parallelism 
in spontaneous hypoglycemia may be that rapid variations in the blood 
sugar concentration are missed even when the determinations are made 
around the time of the attacks. Likewise, when blood samples are taken 
routinely every gne-half to one hour during glucose tolerance tests the 
lowest blood sugar values may not be recorded. Labbé and his associ- 
ates * obtained the following response to administration of dextrose in 
the aforementioned case of spontaneous hypoglycemia with severe 
reactions within a few minutes after the intake of food: 


Glucose Content, Mg./100 Ce. 


Before administration ..........sssseee.- 1145 112 
Fifteen minutes after administration... 46 38 
Thirty minutes after administration.... 135 122 


These explanations do not seem, however, to apply to our patients 
since we have found no precipitous drop of the blood sugar level in the 
course of tolerance tests or critically low levels during most of the attacks. 
To overcome the inconsistency of hypoglycemic manifestations in the 
absence of markedly decreased blood sugar values, Himwich® has 
suggested that sugar level in the brain might be lower than that in the 
blood in some patients with hypoglycemia. As mentioned earlier, 
venous blood was used in the determination of glucose levels in our 
study, and it may be assumed that the glucose concentration in the 
arterial cerebral circulation was rather higher than that obtained in the 
venous blood. However, in extension of Himwich’s hypothesis, it is 
conceivable that with variations of the blood sugar within the normo- 
glycemic or slightly hyperglycemic range and with a normal availability 
of glucose in the brain there may be some disturbance in the uptake or 
utilization of glucose by this organ depriving it of adequate energy. This 
concept is not out of line with general biochemical experience, but the 
experimental support is lacking to answer the question one way or 
another. At present, the lack of correlation between clinical and labora- 
tory findings in hypoglycemia may be taken to mean that the lowering 
of the glucose level in the circulating blood is not the only factor involved 
in the production of the clinical state of hypoglycemia. Accordingly, 
with regard to our patients we are inclined to assume that there was a 
certain degree of hypersensitivity or some peculiar reactivity to relatively 


9. Himwich, H. E.: Personal communication. 
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minor fluctuations of the blood sugar level. This hypersensitivity may 
possibly be related to the occurrence of changes in the brain waves or 
to the instability of the autonomic nervous system which was noted in 
all of them. 

Since the parallelism between blood sugar values and hypoglycemic 
symptoms is not so strict as it is claimed to be, we feel that the inability 
to demonstrate subnormal blood sugar levels during attacks should not 
be used to preclude the diagnosis of spontaneous extrapancreatic hypo- 
glycemia. In our opinion the finding of an abnormally low curve for 
glucose tolerance in cases in which the clinical picture of this condition is 
presented is an important and sufficient diagnostic criterion. 

Effect of Exercise.—It is a known fact that physical activity is fol- 
owed by a lowering of the blood sugar level and can precipitate 
hypoglycemic symptoms, especially in subjects with instability of the 
vegetative nervous system (the so-called effort hypoglycemia of Bickel). 
Df all our patients, only 1 (case 3) demonstrated this phenomenon. 
his patient had definite symptoms after one to one and a half hours 
of housework. The other patients failed to notice any effect of physical 
effort on their condition. Of interest in this respect are observations 
made by Labbé? in a case of spontaneous hypoglycemia already men- 
tioned. The patient experienced no discomfort after a walk of 10 
kilometers in seventy minutes. His blood sugar level before the walk 
was 74 mg. per hundred cubic centimeters and after the walk 76 mg. 
Similarly, in a case of hyperinsulinism reported by Mosenthal’ the 
blood sugar was 79 mg. per hundred cubic centimeters after the patient 
had walked thirty blocks. It would therefore appear that physical activity 
has no constant effect on the sugar concentration in the blood and on 
the symptomatology of hypoglycemia. 

Correlation Between Electroencephalographic Changes and Clinical 
Symptoms.—Figure 1 illustrates three representative electroencephalo- 
grams which show that the patterns in our patients consisted for the 
most part of a slow type of alpha (8 to 9.5 cycles per second) rhythm 
and random 6 to 7 cycles per second potentials. These are classified as 
mildly abnormal or borderline tracings. Records of this type are fre- 
quently found for epileptic patients who have only infrequent or rare 
seizures. They are also observed in approximately 10 per cent of 
clinically normal controls but are believed by some to be indicative of 
a “convulsive tendency.” It is questionable, however, whether one could 
diagnose clinical disorders such as spontaneous hypoglycemia and cere- 
bral dysrhythmia purely on the basis of electroencephalographic observa- 
tions, and we would hesitate to suggest that the patients in the group 
herewith presented necessarily have a convulsive tendency. It is possible, 
nevertheless, that patients with certain physiologic disturbances or 
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metabolic changes which are accompanied with alterations of the electro- 
encephalographic pattern of the type described in this paper may have a 
decreased threshold for the development of convulsions or epileptiform 
reactions when compared with persons who have entirely normal electro- 
encephalograms. As a result of a lowered threshold for the development 
of epileptic-like reactions such persons may be predisposed to exhibit 
symptoms under physiologic stress or disturbance. 


TREATMENT 


We have used the following therapeutic measures : 

1. Dietary management of hypoglycemia. We have found that a 
maintenance diet high in protein as recommended by Conn ?° is superior 
to any other dietary system used in this condition. However, we have 
obtained better results when small feedings were interposed between 
the three main meals and a meal was added before bedtime. 


2. Medication. This was individualized according to the patients’ 
symptoms and their response to treatment. All our patients at one time 
or another took small doses of phenobarbital in combination with bella- 
donna or atropine. We are of the opinion that this combination is more 
effective than phenobarbital alone. The use of atropine is justified for 
two reasons: first, because it might favorably influence spontaneous 
hypoglycemia ;"1 second, because it can prevent or inhibit the effect of 
acetylcholine on the electrical activity of the cortex. 

In our experience phenobarbital alone was not adequate in the control 
of symptoms which could be ascribed to abnormal cerebral discharges. 
The response was rapid and striking when diphenylhydantoin sodium 
was substituted for phenobarbital or taken in conjunction with it even 
when there was no history of convulsions or psychomotor manifestations. 
Dextroamphetamine sulfate proved a valuable adjunct in patients with 
decided depression. Calcium salts were used, with excellent results, 
both parenterally and orally in cases which were associated with hypo- 
calcemia. Finally, we have also given vitamin B complex with nicotinic 
acid for depression of mood, confusion and a dazed state of mind. This 
therapy, however, seemed to have only a temporary effect. 

3. Psychotherapy. Evidence of emotional and autonomic instability 
was noted in all our patients. In addition the uncertain medical outlook 


10. Conn, J. W.: The Advantage of a High Protein Diet in the Treatment 
of Spontaneous Hypoglycemia: Preliminary Report, J. Clin. Investigation 15: 
673, 1936. 

11. Harris, S.: Hyperinsulinism, a Definite Disease Entity: Etiology, 
Pathology, Symptoms, Diagnosis, Prognosis and Treatment of Spontaneous Insu- 
logenic Hypoglycemia (Hyper-Insulinism), J. A. M. A. 101:1958 (Dec. 16) 1933. 
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which they had before the symptoms were relieved doubtlessly played 
a significant part in the persistence or exacerbation of their symptoms. 
As mentioned before, psychotherapy of itself was of no appreciable value 
in this group of patients, but we are convinced that it can play a useful 
role. Such patients feel highly apprehensive and destined for failure. 
They can be made to understand that they are not neurotic and that 
they are suffering from functional disorders which can be corrected, 
and they should be encouraged to resume their normal place in family 
and society. 
COMMENT 

Hypoglycemia was reported in the literature as a factor in the produc- 
tion of epileptic seizures.1* However, since the clinical picture of hypo- 
glycemia itself may be indistinguishable from epilepsy, the earlier reports 
in which the diagnosis of epilepsy was not supported by electro- 
encephalographic evidence are open to criticism. Recent investigators 7° 
failed to detect any relationship between the variations of the blood sugar 
concentration and the clinical manifestations of epilepsy and have noted 
that distinctly hypoglycemic blood sugar values occurring after the 
administration of dextrose do not produce epileptic seizures. Similarly, 
it was shown that hypoglycemia following administration of insulin 
does not precipitate epileptic convulsions or attacks of petit mal.** 


Gibbs and others ** have studied the effect of variations in the glucose 


level of the blood on the electroencephalographic pattern. They have 
found that in normal subjects a blood sugar concentration of 50 mg. 
per hundred cubic centimeters does not produce abnormal brain poten- 
tials while a concentration of 30 mg. or less may be associated with 
changes which differ from those recorded in epilepsy. In epilepsy of the 
grand mal and psychomotor type large doses of insulin had no effect on 
the abnormal electrical activity of the brain while in the petit mal type 


12. Harris, S.: Epilepsy and Narcolepsy Associated with Hyperinsulinism : 
Report of Three Cases of Epilepsy and of One Case of Narcolepsy Cured Clinically 
by Partial Resection of Body and Tail of Pancreas, J. A. M. A. 100:321 (Feb. 4) 
1933. Labbé, M.; Armand-Delille, P. F., and Goldberg: Diabéte et épilepsie, 
Bull. et mém. Soc. méd. d. hop. de Paris 48:1552, 1932. 

13. (a) Lennox, W. G.: Studies of Metabolism in Epilepsy: II. The Sugar 
Content of the Blood, Arch. ‘Neurol. & Psychiat. 18:383 (Sept.) 1927; (b) Studies 
in Metabolism in Epilepsy: III. The Blood Sugar Curve, ibid. 18:395 (Sept.) 
1927. (c) Lennox, W. G., and Cobb, S.: Epilepsy from the Standpoint of 
Physiology and Treatment, Medicine 7:105, 1928. (d) Pollock, L. J., and Boshes, 
B.: Carbohydrate Metabolism in Epilepsy, Arch. Int. Med. 59:1000 (June) 1937. 

14. Baudouin, A.; Azérad, E., and Lewin, J.: Epreuve d’hypoglycémie 
insulinique chez les épileptiques, Compt. rend. Soc. de biol. 114:902, 1933. Len- 
nox.18b Pollock.134 

15. Gibbs, F. A.; Gibbs, E. L., and Lennox, W. G.: Influence of the Blood 
Sugar Level on the Wave and Spike Formation in Petit Mal Epilepsy, Arch. 
Neurol. & Psychiat. 41:1111 (June) 1939. 
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a drop in the blood sugar value to 50 mg. or less per hundred cubic 
centimeters enormously accentuated the abnormal brain pattern. Simi- 
larly, Davis** found no correlation between the fasting blood sugar 
level and the electroencephalographic pattern of normal subjects. Low 
blood sugar values after intravenous administration of insulin had no 
effect on the initially normal electroencephalograms but enhanced 
dysrhythmic activity when there were abnormal patterns before insulin 
was given.’’ Williams ** noted an increase in cerebral discharges in 
cases of petit mal after administration of chloryl and acetylcholine, but 
he failed to find any relationship between the amount of abnormal 
cortical activity and the rather small fluctuations of the blood sugar 
values. 

Alterations of cortical activity in the course of insulin shock therapy 
parallel the decrease in the blood sugar level,*® and after administration 
of dextrose or during spontaneous awakening the electroencephalogram 
becomes normal even when the blood sugar values remain low. Correla- 
tion between low glucose concentrations in the blood and electro- 
encephalographic abnormalities has been found in animals given 
injections of insulin?® or after hepatectomy.” Similar observations 
have been made also in some cases of hyperinsulinism of pancreatic 
origin in man, while in others no electroencephalographic abnormalities 


16. Davis, P. A.: Technique and Evaluation of the Electroencephalogram, 
J. Neurophysiol. 4:92, 1941. 

17. Davis, P. A.: Effect on the Electroencephalogram of Changing Blood 
Sugar Level, Arch. Neurol. & Psychiat. 49:186 (Feb.) 1943. 

18. Williams, D.: The Effect of Cholin-Like Substances on the Cerebral 
Electrical Discharges in Epilepsy, J. Neurol. & Psychiat. 4:32, 1941. 

19. Himwich, H. E.; Frostig, J. P.; Fazekas, J. F., and Hadidian, Z.: The 
Mechanism of the Symptoms of Insulin Hypoglycemia, Am. J. Psychiat. 96:371, 
1939. Himwich, H. E.; Hadidian, Z.; Fazekas, J. F., and Hoagland, H.: Cerebral 
Metabolism and Electrical Activity During Insulin Hypoglycemia in Man, Am. J. 
Physiol. 125:578, 1939. Hoagland, H.; Cameron, D. E., and Rubin, M. A.: The 
Electroencephalogram of Schizophrenics During Insulin Treatments, Am. J. 
Psychiat. 94:183, 1937. Hoagland, H.; Rubin, M. A., and Cameron, D. E.: 
The Electroencephalogram of Schizophrenics During Insulin Hypoglycemia and 
Recovery, Am. J. Physiol. 120:559, 1937. 

20. Gellhorn, E., and Kessler, M.: The Effect of Hypoglycemia on the 
Electroencephalogram at Varying Degrees of Oxygenation of the Blood, Am. J. 
Physiol. 136:1, 1942. 

21. Maddock, S.; Hawkins, J. E., Jr., and Holmes, E.: The Inadequacy of 
Substances of the “Glucose Cycle” for Maintenance of Normal Cortical Potentials 
During Hypoglycemia Produced by Hepatectomy with Abdominal Evisceration, 
Am. J. Physiol. 125:551, 1939. 

22. Hoefer, P. F. A.; Guttman, S. A., and Sands, I. J.: Convulsive States 
and Coma in Cases of Islet Cell Adenoma of the Pancreas, Am. J. Psychiat. 102: 
486, 1946. Strauss, H., and Wechsler, J. S.: Clinical and Electroencephalographic 
Studies of Changes of Cerebral Function Associated with Variations in the Blood 
Sugar, ibid. 102:34, 1945. 
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were noted.** In hypoglycemia produced by adrenal insufficiency or 
starvation the electroencephalographic abnormalities are less conspicuous, 
and they subside with the clinical improvement of the patients.™ 

From this review of the literature it becomes evident that there is 
no correlation between hypoglycemic blood sugar values and epileptic 
convulsions. On the other hand, a low concentration of sugar in the 
blood may aggravate the electroencephalographic changes in patients 
with petit mal, while in normal subjects it may cause nonspecific 
alterations of the electroencephalogram but does not produce an epileptic 
type of brain activity. Furthermore, the abnormal patterns in severe 
hypoglycemia of both the spontaneous type and that induced with 
exogenous insulin are observed only during the state of hypoglycemia 
and are well correlated with excessively low blood sugar values. Also, 
they are of a transient nature and disappear with even insignificant 
rises in the concentration of glucose in the blood. 

In contrast, our patients exhibited abnormal electrocortical activity 
without a profound lowering of thé blood sugar level, and this abnormal- 
ity persisted even when the patients were clinically cured. Furthermore, 
the treatment of only one of the coexisting conditions (electrocerebral 
dysfunction or hypoglycemia) failed to bring about complete and satis- 
factory results. Two patients (cases 1 and 2) in whom the treatment 
of hypoglycemia was continued without interruption experienced an 
aggravation of their condition when anticonvulsive therapy was dis- 
continued. Two other patients (cases 3 and 6) took anticonvulsive 
drugs for months but continued to have mild symptoms. These subsided 
only when hypoglycemia was discovered and proper diet was prescribed 
and adhered to. From these considerations we feel justified in conclud- 
ing that our patients had both spontaneous hypoglycemia and some 
cerebral disturbance which might or might not be related to a convulsive 
type of disorder. 

The coexistence of spontaneous hypoglycemia with electrocerebral 
dysfunction raises the question as to the nature of their mutual relation- 
ship. Are they found together by simple coincidence or is there any 
etiologic link between them? Our knowledge at present is too scanty 
to answer this question satisfactorily. However, in the light of modern 
views on the electrochemical reactions involved in the formation and 
exchange of energy in body economy it appears conceivable that the 
two conditions may be somehow linked together. 

Of especial interest are the recent investigations on the metabolism 
of acetylcholine and on its function in the central nervous system. It 
has been shown that this substance possesses high electrogenic prop- 
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erties ** and is a powerful convulsant.** According to some,”* disorders 
in the cerebral metabolism of acetylcholine may play an essential part 
in the causation or the mechanism of epileptic seizures in man. 

Of particular significance are the following facts: 

1. It has been demonstrated that the metabolism of acetylcholine is 
linked with carbohydrate metabolism. Quastel and his collaborators ** 
have found glucose to be essential for the aerobic synthesis of acetyl- 
choline by cortex slices. The optimal concentration of glucose for its 
stimulating action was below the normal blood range, while a concentra- 
tion equal to normal blood sugar levels had an inhibitory effect. In 
keeping with these findings, Feldberg ** has suggested that the normal 
blood sugar concentration has a restraining effect on the synthesis and 
release of acetylcholine in the central nervous system while at hypo- 
glycemic levels these processes are markedly stimulated. In his opinion 
the effect of hypoglycemia on the metabolism of acetylcholine may 
explain the mechanism of hypoglycemic convulsions. Evidence that the 
anaerobic synthesis of acetylcholine is also linked with carbohydrate 
metabolism was obtained by Nachmansohn and Machado.”® 


23. (a) Beutner, R., and Barnes, T. C.: Electrical Activity of Acetylcholine, 
Science 94:211, 1941. (b) Feldberg, W., and Fessard, A.: The Cholinergic 
Nature of the Nerves to the Electric Organ of the Torpedo (Torpedo Marmorata), 
J. Physiol. 101:200, 1942. (c) Gesell, R., and Hansen, E. T.: Anticholinesterase 
Activity of Acid as a Biological Instrument of Nervous Integration, Am. J. 
Physiol. 144:126, 1945. (d) Miller, F. R.; Stavraky, G. W., and Woonton, G. A.: 
Effects of Eserine, Acetylcholine and Atropine on the Electrocorticogram, J. 
Neurophysiol. 3:131, 1940. 

24. (a) Brenner, C., and Merritt, H. H.: Effect of Certain Choline Deriva- 
tives on the Electrical Activity of Cortex, Arch. Neurol. & Psychiat. 48:382 
(Sept.) 1942. (b) Miller.?34 

25. Forster, F. M.: Action of Acetylcholine on Motor Cortex: Correlation 
of Effects of Acetylcholine and Epilepsy, Arch. Neurol. & Psychiat. 54:391 (Nov.- 
Dec.) 1945. Brenner and Merritt.24 

26. (a) Mann, P. J. G.; Tennenbaum, M., and Quastel, J. H.: On the 
Mechanism of Acetylcholine Formation in Brain in Vitro, Biochem. J. 32:243, 
1938; (b) Acetylcholine Metabolism in the Central Nervous System: The Effects 
of Potassium and Other Cations on Acetylcholine Liberation, ibid. 33:822, 1939. 
(c) Quastel, J. H.; Tennenbaum, M., and Wheatley, A. H. M.: Choline Ester 
Formation in, and Choline Esterase Activities of, Tissues in Vitro, ibid. 30: 1668, 
1936. 

27. Feldberg, W.: (a) Present Views on the Mode of Action of Acetylcholine 
in the Central Nervous System, Physiol. Rev. 25:596, 1945; (b) Synthesis of 
Acetylcholine by Tissue of the Central Nervous System, J. Physiol. 108:367, 1945. 

28. Nachmansohn, D.; Cox, R. T.; Coates, C. W., and Machado, A. L.: 
Action Potential and Enzyme Activity in the Electric Organ of Electrophorus 
Electricus: Phosphocreatine as Energy Source of the Action Potential, J. Neuro- 
physiol. 6:383, 1943. Nachmansohn, D., and Machado, A. L.: The Formation of 
Acetylcholine; A New Enzyme: “Choline Acetylase,” ibid. 6:397, 1943. 
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2. The action of acetylcholine in nerve tissue is also related to cal- 
cium metabolism. Calcium was found to have an inhibitory effect on 
the formation of acetylcholine by brain tissue.*® Moreover, it was shown 
that the degree of activity of a nerve cell produced by acetylcholine is 
dependent on the calcium content of the cell’s environment. Higher 
concentrations of calcium diminish the rate of nerve activity and smaller 
concentrations increase it.*° 

With these data in mind it is tempting to assume that the syn- 

drome of spontaneous hypoglycemia associated with electrocerebral 
dysfunction and hypocalcemia, which was described in this paper, may 
be caused by a common disturbance involving some profound alteration 
1f the intracellular metabolism. It may also be assumed that as a result 
f this metabolic disorder all three factors involved in the syndrome 
electrocerebral dysfunction, hypoglycemia and hypocalcemia) exceed a 
hreshold tolerance and thus give rise to the clinical symptoms, while in 
he absence of the common metabolic disorder each factor separately may 
iil to produce the clinical symptomatology. 


SUMMARY AND CONCLUSIONS 


1. Eight cases of spontaneous hypoglycemia associated with electro- 
erebral dysfunction, in 6 of which the condition was also accompanied 
vith hypocalcemia, are presented. 

2. It is suggested that the coexistence of spontaneous nonorganic 
ypoglycemia with electrocerebral dysfunction and hypocalcemia be 
egarded as a clinical syndrome. It is assumed that the syndrome is 
roduced by a common metabolic disorder which involves the metabolism 
f carbohydrates, acetylcholine and calcium. The recent literature in 
iavor of this concept is reviewed. 

3. Emphasis is laid on the similarity of symptoms in all three condi- 
tions on account of which their coexistence may be easily overlooked and 
the correct diagnosis missed. 

4. The relation between the concentration of glucose in the blood 
and the clinical symptomatology of hypoglycemia is discussed. Cases 
studied were found not to conform to the accepted criteria for spontane- 
ous nonorganic hypoglycemia. It is thought that these criteria are of 
questionable diagnostic value, and the literature in support of this view 
is presented. 

5. It is postulated that the finding of an abnormally low curve for 
glucose tolerance in cases in which the clinical picture of spontaneous 
nonorganic hypoglycemia is presented is an adequate criterion for the 
diagnosis of this condition. 


29. Feldberg.278 Mann, Tennenbaum and Quastel.2¢> 
30. Bronk, D. W.: Synaptic Mechanisms in Sympathetic Ganglia, J. Neuro- 
physiol. 2:380, 1939. 
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6. The electroencephalographic changes in this group of cases con- 
sisted for the most part of.a slow type of alpha rhythm and random 
6 to 7 cycles per second potentials. These changes are not considered 
as indicative of epilepsy or of a convulsive disorder. They are assumed 
to reflect a decreased threshold for the development of epileptiform 
clinical reactions in persons suffering from metabolic disorders such as 
spontaneous hypoglycemia and hypocalcemia. 

7. All patients responded satisfactorily to the therapy aimed at 
combating the associated conditions. 

8. Observations presented in this paper make it clear that a careful 
search for the described syndrome should be made in selected cases in 
which a diagnosis of psychoneurosis is made. They also indicate that 
estimation of serum calcium levels should be made and electro- 
encephalograms taken routinely in spontaneous hypoglycemia. 














DYNAMICS OF THE ACTION OF PENICILLIN 


Time-Dose Relationship in Human Streptococcic Disease 
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ENICILLIN now has almost reached the status of a panacea in 
4 medical therapy. Its value has been documented so completely 
that no further proof of its efficacy in the treatment of many bacterial 
infections is necessary, and the relative convenience of methods for 
its administration has been. progressively more emphasized. Oral 
dministration of penicillin has on the whole not fulfilled the expecta- 
tions and has remained an expensive, wasteful and unreliable method. 
lhe vehicle proposed by Romansky?! (peanut oil containing 4.8 per 
‘ent beeswax) has been found effective in maintaining penicillin blood 
levels for twenty-four hours after a single injection and has to some 
extent replaced aqueous solutions of penicillin in medical practice. 

In spite of these advances the mechanism of the action of peni- 
illin is still not entirely known. There is ample clinical evidence 
to show that sufficiently large doses must be given and that injections 
§ simple aqueous solutions of penicillin must be administeréd at 
relatively frequent intervals. Eagle* has shown experimentally that 
in the treatment of rabbit syphilis at least the time-dose relationship 
is such that the total amount of penicillin necessary for cure is inversely 
proportional to the frequency and number of injections and that huge 
doses are necessary to provide cure with a single injection of peni- 
cillin. He also showed that in order to permit an arithmetical increase 
in the interval between doses of penicillin the size of the dose had to be 
increased geometrically. My experimental studies* of the treatment 
of fatal streptococcic infections in mice yielded essentially similar 
results. It was possible to effect cure with a single dose of sufficient 








From the United States Marine Hospital, San Francisco. 

1, Romansky, M. J., and Rittman, G. C.: Method of Prolonging Action of 
Penicillin, Science 100:196, 1944. 

2. Eagle, H.; Magnuson, H. J., and Fleischman, R.: The Effect of the Method 
of Administration on the Therapeutic Efficacy of Sodium Penicillin in Experi- 
mental Syphilis, Bull. Johns Hopkins Hosp. 79:168, 1946, 

3. Jawetz, E.: Dynamics of the Action of Penicillin in Experimental Animals: 
Observations on Mice, Arch. Int. Med. 77:1 (Jan.) 1946. 
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magnitude, and if several injections were given the size of the curative 
dose depended on the interval between injections. A’ logarithmical 
increase in the total dose of penicillin was essential to obtain an 
arithmetical increase of the survival rate of infected mice. Bloomfield * 
has demonstrated clinically that in some cases subacute bacterial endo- 
carditis may be cured by the injection of aqueous penicillin twice daily. 

The penicillin treatment of acute streptococcic disease is still some- 
what controversial. Most workers agree that it produces striking 
subjective and objective clinical improvement and uniformly prevents 
septic complications.® If used for a sufficient length of time (variously 
claimed to be from four to seven days), it prevents the occurrence 
of relapses and greatly reduces the frequency of the carrier state. 
Recently it has been pointed out® in a report of a small series of 
patients that adequate penicillin therapy for acute streptococcic sore 
throat may prevent the late nonsuppurative complications such as 
carditis, fever, arthritis and the other manifestations of the post- 
streptococcic state. 

The work presented here was undertaken in order to determine 
whether the results obtained in infections in experimental animals could 
be applied to human streptococcic diseases and to investigate some oi 
the aspects of the time-dose relationship in short penicillin schedules 
which might result in more convenient methods of treatment. 


EXPERIMENTAL STUDY 


Eighty-one patients with streptococcic sore throat were treated unde: 
the various experimental penicillin schedules herein presented. They 
were merchant marines, and the majority were between the ages of 18 
and 30 years. They were all ill and prostrated on their admission to the 
hospital, with temperatures of above 38.5 C. (101.3 F-.), notable 
injection and edema of the throat, with some purulent exudate, and 
significantly enlarged tender cervical nodes. They had all been ill 
for less than seventy-two hours, and they were sufficiently uncomfortable 


4. Bloomfield, A. L., and Halpern, R. M.: The Penicillin Treatment of 
Subacute Bacterial Endocarditis: Some Problems, J. A. M. A..129:1135 (Dec. 
22) 1945. 

5. Spink, W. W.; Rantz, L. A.; Boisvert, P. J., and Coggeshall, H.: Sulfa- 
diazine and Penicillin for Hemolytic Streptococcus Infections of the Upper Respir- 
atory Tract: Evaluation in Tonsillitis, Nasopharyngitis and Scarlet Fever, Arch. 
Int. Med. 77:260 (March) 1946. Plummer, N.; Duerschner, D. R.; Warren, 
H. D.; Rogliano, F. T., and Sloan, R. A.: Penicillin Therapy in Hemolytic 
Streptococcic Pharyngitis and Tonsillitis, J. A. M. A. 127:369 (Feb. 17) 1945. 
Hirsch, H. L.; Rotman-Kavka, G., and Sweet, L. K.: Penicillin Therapy of 
Scarlet Fever, ibid. 188:657 (March 8) 1947. 

6. Rantz, L. A.; Boisvert, P. J., and Spink, W. W.: Hemolytic Streptococcic 
Sore Throat: The Poststreptococcic State, Arch. Int. Med. 79:401 (April) 1947. 
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to make hospitalization necessary. The diagnosis of streptococcic sore 
throat was established by the recovery of large numbers of beta hemo- 
lytic streptococci from the throat or nasopharynx and by the observance 
of the typical clinical picture. No serologic studies were performed. 
The patients were kept under close clinical observation for four to nine 
days after recovery. Throat cultures were taken at frequent intervals, 
and every attempt was made to determine bacteriologic relapses. 

All patients were treated with commercial crystalline penicillin G 
iccording to the schedules presented in the tables. The immediate 
clinical response was evaluated by means of the return of the tempera- 
ture and pulse to normal, by the subjective improvement and by the 
disappearance of all objective findings. Each schedule was evaluated 
is satisfactory or unsatisfactory according to the immediate clinical 
response observed and the frequency of clinical and bacteriologic relapses. 


TABLE 1.—Time-Dose Relationship in Penicillin Schedules for the Treatment of 
Streptococcic Sore Throat (Total Duration of Treatment Fixed) 








No. of 
No. of No. of Bacterio- 
Days No.of Clinical Clinical logie 
Schedule Treated Patients Response Relapses Relapses Result 
5,000 units every 3 hr. x 32 4 4 Fair 3 3 Unsatisfactory 

10,000 units every 3 hr. x 32 4 6 Good 1 2 Satisfactory 
10,000 units every 6 hr. x 16 4 4 Pair 2 3 Unsatisfactory 
20,000 units every 4 hr. x 24 4 14 Excellent 1 4 Satisfactory 
40,000 units every 6 hr. x 16 4 8 Excellent 0 1 Satisfactory 
80,000 units every 12 hr. x 8 4 4 Good 1 3 Unsatisfactory 
150,000 units every 12 hr. x 8 4 12 Excellent 0 1 Satisfactory 
00,000 units every 18 hr. x 5 4 3 Excellent 0 3 Unsatisfactory 





Table 1 presents a summary of the results obtained with eight 
schedules in which the total duration of treatment was kept constant. 
It is clearly seen that within the scope of the experiment large doses 
at long intervals were just as effective as small doses given frequently. 
In order to compensate for an arithmetical increase in the interval 
between injections, a logarithmical increase in the size of the dose was 
necessary. This time-dose relationship applied only within certain 
limits. A minimal dose was necessary for satisfactory results even with 
frequent injections, and on the other hand doses could not be spaced 
apart more than twelve hours without much of the efficacy of the 
treatment being lost. With all “satisfactory” schedules the clinical 
response was immediate and the improvement strikingly rapid and 
streptococci disappeared from the throat within twenty-four hours. 
With the “unsatisfactory” schedules bacteriologic relapses occurred in 
from twenty-four hours to five days after treatment was discontinued 
and clinical symptoms recurred one to two days after the reappearance of 
organisms in the throat. A second series of patients were given a fixed 
dose at fixed intervals for a varying length of time (table 2). While 
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the immediate clinical response was uniformly satisfactory, it was not 
possible to shorten the treatment to less than four days without greatly 
increasing the chance of relapse. There were no suppurative complica- 
tions in either group. The period of observation was too short for 
evidence of poststreptococcic nonsuppurative complications to be found. 


COMMENT 


The results of this study are of course not altogether objective. The 
severity of the disease in individual patients varied to some extent, 
and although every attempt was made to apply different schedules to 
patients with comparable illness, this was not always possible. Some 
of the groups were small, especially when the results obtained from 
the first few patients treated with a given schedule were unsatisfactory. 


TaBLeE 2.—Time-Dose Relationship in Penicillin Schedules for the Treatment of 
Streptococciec Sore Throat (Individual Dose and Interval Fixed, 
Total Length of Treatment Varied) 








No. of 
No. of No. of Bacterio- 
Days No.of Clinical Clinical _logie 
Schedule Treated Patients Response Relapses Relapses Result 
150,000 units every 12 hr. x 4 2 12 Excellent 5 9 Unsatisfactory 
150,000 units every 12 hr. x 6 3 14 Excellent 2 7 Unsatisfactory 
150,000 units every 12 hr. % 8 4 12 Excellent 0 1 Satisfactory 





It seems justifiable, however, to draw the following conclusions from 
the data at hand: 

1. If doses are plotted on a logarithmical scale against the intervals 
between injections (chart) the satisfactory results seem to be grouped 
along a straight line, suggesting that the time-dose relationship obtained 
for experimental animals with multiple injections may hold true in 
human streptococcic disease. 

2. Since some of the large dose, long interval schedules gave satis- 
factory results it must be accepted that blood levels of penicillin are 
not essential for the satisfactory treatment of all bacterial infections 
responding to this drug.’ Apparently high peaks of penicillin in the 
tissues may so influence bacterial populations as to inhibit growth for 
a significant length of time. This has been actually demonstrated by 
bacteriologic methods in experimental animals * and may apply to human 
streptococcic diseases as well as to other infections.‘ 

3. The interval between large doses can probably be extended only 
to certain limits. These limits are most likely set not by penicillin 


7. Intramuscular injection of 150,000 units of penicillin in isotonic sodium 
chloride produces measurable blood levels for about five to seven hours (Ory, 
E. M.; Wilcox, C., and Finland, M.: Serum Levels After Repository Injections 
of Penicillin, Proc. Soc. Exper. Biol. & Med. 62:86, 1946). 
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blood levels but rather by the escape of the bacterial population from 
the depressant effect of high penicillin peaks. Evidence for this state- 
ment is entirely derived from animal experimentation. In at least 
one human disease, syphilis, similar observations have been recorded 
by Shaffer. He obtained apparently satisfactory results in a significant 
proportion of patients treated with only two weekly injections of 600,000 
units of penicillin in beeswax and peanut oil for eight weeks. From all 
available evidence these patients must have lacked measurable blood 
‘levels during at least one half of the total period of the penicillin 
treatment. 

In experimental animals it is possible to cure both syphilis and 
streptococcic disease with a single large injection of aqueous penicillin. 
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Similar single injections in human beings would require doses far in 
excess of the scope of this work. Such “therapia sterilizans magna” has 
been accomplished with aqueous penicillin in human gonorrhea.’ It may 
be stated that treatments with single doses or large dose, long interval 
schedules are wasteful and are probably of more theoretic than practical 
importance. Intermediate schedules, however, utilizing six to eight 
hour intervals, may be applicable occasionally for hospitalized patients 


8. Shaffer, L. W.: Outpatient Administration of P. O. B., in Thirteenth 
Venereal Disease Control Seminar, San Francisco, May 26, 1947. 

9. Welch, H.; Putnam, L. E.; Randall, W. A., and Herwick, R. P.: Peni- 
cillin X: Successful Treatment of Gonorrhea with a Single Intramuscular Injec- 
tion, J. A. M. A. 126:1024 (Dec. 16) 1944. 
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whom one wishes to spare the discomfort and risk of allergic reaction 
from penicillin in peanut oil and beeswax. In the great majority of 
other infections they have not succeeded to date, perhaps partly because 
only doses of insufficient magnitude were used. 


SUMMARY 

Eighty-one patients with streptococcic sore throat were treated with 
various experimental penicillin schedules. Equally satisfactory results 
could be obtained with small doses injected frequently as with large 
doses given up to twelve hours apart provided treatment was continued 
for four days. In order to permit a twofold increase in the interval 
between injections the dose of penicillin had to be increased fourfold. 
Excellent results could be obtained even if measurable blood ievels were 
absent for about half of the period of treatment. 


Members of the staff of the United States Marine Hospital cooperated in this 
study by furnishing suitable patients with streptococcie sore throat. 


National Institute of Health. 
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ie A REVIEW covering a three and one-half year period one 
cannot completely appraise all the interesting and significant papers 
which have appeared since December 1943. A detailed report of the 
nvestigations in the field of cardiovascular disease during this interval 
vould comprise an extensive volume. It has therefore been necessary, 
n order to achieve reasonable brevity, to stress only those aspects of 
ihe subject which represent the most original contributions to the field 
ind which in our opinion hold the greatest promise for the future. 


ANATOMIC AND PHYSIOLOGIC ASPECTS 


The traditional concepts of the structure and functions of the con- 
lucting tissues of the heart have recently been subjected to a critical 
‘eview by the Glomsets and Birge.t Being unable to convince them- 
selves of the existence of a special muscular conducting bundle in the 
dog or in man, they surveyed the literature to see if the experience of 
others justified the belief that bundle branch block was due to blocking 
lesions in branches of a special conducting system. These authors 
point out that Keith and Flack, Tawara, Moenckeberg and many others 
described the His bundle in man as visible to the naked eye but that 
more recently some workers have believed that the conducting tissue 
cannot be identified without serial sections. Their own observations 
lead them to the conclusion that the bundle in question is indistinguishable 
from other muscle fasciculi. They point out that blocking lesions have 
not been consistently described with bundle branch block and that they 
have not invariably been found on the side which one would expect 


1. Glomset, D. J.; Glomset, A. T. A., and Birge, R. F.: Morphologic Study 
of the Cardiac Conduction System: III. Bundle Branch Block, Am. Heart J. 
28:348, 1944. Glomset, D. J., and Birge, R. F.: Morphologic Study of the Cardiac 
Conduction System: IV. The Anatomy of the Upper Part of the Ventricular 
Septum in Man, ibid. 29:526, 1945. 
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(Yater? noted in 1938, however, that bundle branch block is usually 
associated with bilateral bundle branch lesions, although one branch 
was usually more seriously affected than the other.) This heretical 
approach is capped hy the statements that “the evidence presented to 
prove the existence of a special conducting system is irrelevant and 
immaterial” and “we have found no anatomic evidence to support the 
myogenic theory of cardiac conduction.” Such assertions, while refresh- 
ing in their frankness, must await critical review by those relatively 
few histologists and pathologists who are competent in this difficult field. 

Studies on the collateral circulation of the normal human heart 
have been undertaken by Prinzmetal and his co-workers,* who employed 
coronary perfusion with radioactive erythrocytes and with glass spheres. 
They state that they have demonstrated intercoronary anastomoses of 
arteriolar dimensions, large arteriovenous anastomoses (140 microns) 
and large communications between the coronary arteries and the 
ventricular cavities. 

Gregg * has published a critique of certain of the experimental studies 
performed in the past which attempted to demonstrate the dynamics 
of the coronary circulation. It is his contention that many of the 
previously reported observations were made under grossly abnormal 
conditions, such as artificial respiration with open thorax, the use of 
the heart-lung preparation and the employment of coronary perfusion. 
He also questions the dependability of certain of the measuring devices 
on which experimental results have been based. In an attempt to conduct 
experiments which would adopt some of Gregg’s suggestions, Eckenhoff 
and his associates® studied the coronary circulation in dogs which 
although anesthetized and heparinized had in most instances a closed 
thorax and spontaneous breathing. They used a bubble flow meter to 
measure the coronary circulation and injected terminally Evans blue 
dye through the cannula in the coronary artery to determine the flow 
per gram of heart tissue. The important observation (made previously 
by other workers) that the coronary flow varied directly with cardiac 
rate and also with blood pressure was confirmed. Unlike other workers 
in the field, however, they were not able to demonstrate significant 
coronary vasoconstrictor activity on stimulation of the vagus or 


2. Yater, W. M.: Pathogenesis of Bundle Branch Block, Review of Literature; 
Report of Sixteen Cases with Necropsy and of Six Cases with Detailed Histologic 
Study of Conduction System, Arch. Int. Med. 62:1 (July) 1938. 

3. Prinzmetal, M.; Simkin, B.; Bergman, H. C., and Kruger, H. E.: Studies 
on the Coronary Circulation: II. The Collateral Circulation of the Normal Human 
Heart by Coronary Perfusion with Radioactive Erythrocytes and Glass Spheres, 
Am. Heart J. 33:420, 1947. 

4. Gregg, D. E.: The Coronary Circulation, Physiol. Rev. 26:28, 1946. 

5. Eckenhoff, J. E.; Hafkenschiel, J. H., and Landmesser, C. M.: The Coronary 
Circulation in the Dog, Am. J. Physiol. 148:582, 1947. 
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accelerator nerves and were not able to find reflex vasoconstriction 
in the other coronary arteries after one artery had been ligated. Further- 
more, they were unable to demonstrate any change in the coronary 
blood flow when the gallbladder was distended beyond that which could 
be attributed to change in blood pressure. Both epinephrine and acetyl- 
choline when injected into a coronary artery increased the amount of 
flow, and the presence of anoxia was also found to be a potent coronary 
dilator. It appeared that under standard conditions the dog’s heart 
received about 5 per cent of the total cardiac output but that as the 
output of the heart decreased the percentage of blood delivered to the 
oronary circulation rose; however, as the output fell the actual flow 
per hundred grams of heart tissue decreased. Eckenhoff and his 
collaborators ® concluded from further experiments, also conducted on 
logs, that cardiac efficiency tends to vary directly with cardiac output 
and inversely with arterial blood pressure. 

The technic of catheterization of the right side of the heart has 
vermitted measurements of the cardiac output in man by the direct 
‘ick principle. This method requires estimates of the oxygen or 
arbon dioxide content of arterial blood obtained from the femoral 
irtery and of mixed venous blood obtained from the right side of the 
heart as well as of the total oxygen intake or carbon dioxide elimination 
by the lungs per unit of time. Cournand and his colleagues * have found 
an average cardiac index (cardiac output in liters per minute per 
square meter of body surface) of 3.12 in 13 normal males. This 
figure is 26 per cent higher than the average obtained by either the 
ethyl iodide or the acetylene method for a similar group. In England, 
McMichael and Sharpey-Schafer *® with the same technic have found 
that the cardiac output increased by an average of 33 per cent when 
normal subjects changed from the erect to the supine position. They 
noted that a reduction in the right auricular pressure produced a fall 
in the cardiac output whereas a rise in this pressure brought about a 
rise in the output. It was of interest that small doses of epinephrine, 
which were without effect on cardiac rate or blood pressure, resulted 
in an increase in the cardiac output; this phenomenon is due, they 
believe, to an increase in systolic ejection by the ventricles. Their 


6. Eckenhoff, J. E.; Hafkenschiel, J. H.; Landmesser, C. M., and Harmel, M.: 
Cardiac Oxygen Metabolism and Control of the Coronary Circulation, Am. J. 
Physiol. 149:634, 1947. 

7. Cournand, A.; Riley, R. R.; Breed, E. S.; Baldwin, E. de F., and Richards, 
D. W., Jr.: Measurement of Cardiac Output in Man Using the Technique of 
Catheterization of the Right Auricle or Ventricle, J. Clin. Investigation 24: 
106, 1945. 

8. McMichael, J., and Sharpey-Schafer, E. P.: Cardiac Output in Man by 
a Direct Fick Method, Brit. Heart J. 6:33, 1944. 
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work and that of others on the dynamics of the systemic circulation 
in man have been summarized in a recent paper by Richards.® 

The presence of multiple arteriovenous fistulas on the left forearm 
of a 19 year old youth gave Kennedy and Burwell *° an opportunity to 
study the effects of such vascular shunts on the circulation. Their 
results indicated a definite rise in blood volume and in cardiac output, 
the work of the heart being increased approximately 25 per cent. 
Brannon, Merrill, Warren and Stead"! have determined the cardiac 
output in patients whose hemoglobin level was below 7 Gm. per hundred 
cubic centimeters. These authors observed that with anemia of such a 
degree the cardiac output was increased when the patients were at rest 
and the arteriovenous oxygen difference and the peripheral resistance 
were decreased. 

The effect of obstruction to the superior vena cava on respiration 
and circulation has been made the basis of a report by Altschule, 
Iglauer and Zamcheck.’* They observed 5 male patients with this 
syndrome and found an increase in the respiratory rate, an increase 
in the respiratory volume and a reduced amount of carbon dioxide 
in the alveolar air (in comparison with the findings when the respiratory 
symptoms had disappeared either spontaneously or as a result of 
treatment). In addition they learned that the arteriovenous oxygen 
difference in this condition was increased in the upper extremities but 
was normal in the legs. They agree with other writers that hyper- 
ventilation and dyspnea are commonly found with this syndrome and 
may be caused by a slowed blood flow with stasis in the region of the 
respiratory center. In summary they say: “A corollary to the foregoing 
conclusion is that cerebral stasis is a cause of hyperventilation and 
dyspnea in cardiac decompensation . . . it is not to be concluded, 
however, that congestion of the lungs may be minimized as a factor 
in the symptoms of cardiac decompensation.” 


HEART FAILURE: PHYSIOLOGIC ASPECTS AND TREATMENT 


Considerable controversy regarding fluid dynamics and the role of 
the heart in chronic congestive heart failure has resulted from the work 


9. Richards, D. W.: Observations on the Dynamics of the Systemic Circu- 
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of Warren and Stead.** These authors noted in 2 patients that an 
accumulation of extracellular fluid as evidenced by increase in weight 
occurred in congestive failure before any increase in venous pressure 
could be demonstrated. Associated with this phenomenon was a 
proportionate increase in blood volume. They consider this accumu- 
lation of extracellular fluid to be essentially an increase of sodium 
chloride in water resulting in all probability because the kidneys, when 
impaired cardiac function is present, do not excrete salt, and thus 
water, normally. The resultant increase in blood volume, which they 
believe to be one manifestation of the increase in amount and pressure 
of the extracellular fluid, results in turn in an increase in venous 
pressure. However, they also mention local increases in venous pressure 
s important factors in formation of edema in certain areas such as 
he lungs, where there may be a discrepancy between the output from 
the right and that from the left ventricle, and the limbs, where the 
actor of gravity is important. 

Acute heart failure they consider a different situation, analogous to 
ardiac tamponade and to an increase in vascular tone and not related 
o an increase in plasma volume. 

In confirmation of this theory is Merrill’s** study of a group of 
atients with chronic congestive heart failure (excluding those with 
bvious associated renal disease) in whom he found that the renal 
plasma flow was reduced to one third or less of the normal amount and 
that the renal filtration fraction was also subnormal. He believes that 
‘etention of sodium is caused by the low filtration rate and not by 
nereased reabsorption of salt. Merrill noted that the blood flow 
through the kidneys was reduced to one fifth of the normal figure when 
the cardiac output was approximately one half the normal amount, 
which indicated a specific diversion of blood away from the kidneys 
which might be further exaggerated during exercise. He concludes 
that the reduction in renal blood flow bears no relation to venous 
pressure but is correlated with the reduced cardiac output—an indication 
that it is a “forward failure” phenomenon. 

These views have not gone uncontested. Landis ** has contrasted 

the theory held by Warren and Stead with that proposed many years 


13. Warren, J. V., and Stead, E. A. Jr.: Fluid Dynamics in Chronic 
Congestive Heart Failure: Interpretation of Mechanisms Producing Edema, 
Increased Plasma Volume and Elevated Venous Pressure in Certain Patients with 
Prolonged Congestive Failure, Arch. Int. Med. 73:138 (Feb.) 1944. 

14. Merrill, A. J.: Edema and Decreased Renal Blood Flow in Patients with 
Chronic Congestive Heart Failure: Evidence of “Forward Failure” as the Primary 
Cause of Edema, J. Clin. Investigation 25:389, 1946. 

15. Landis, E. M.; Brown, E.; Fauteux, M., and Wise, C.: Central Venous 
Pressure in Relation to Cardiac “Competence,” Blood Volume, and Exercise, 
J. Clin. Investigation 25:237, 1946. 
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ago by Starling, who had suggested that the sequence in chronic con- 
gestive failure was that of cardiac failure, elevated venous pressure, 
accumulation of blood in the large veins, compensatory arteriolar con- 
striction, bone marrow anoxia and an increase in blood volume. Landis 
and his colleagues have considered muscular activity important as a 
factor in the elevation of venous pressure (the conclusions of Warren 
and Stead were drawn from observations on patients in the resting 
state only). Using dogs for their experimental work, they found that 
in normal animals the venous pressure recorded from the superior 
vena cava tended to fall during graded exercise but that exercise in 
animals with myocardial damage (resulting from ligation of the coronary 
artery), auricular fibrillation or cardiac tamponade was associated 
with either an actual elevation of venous pressure or a less striking 
decrease than that in normal animals. The conclusion from their 
observations was that this actual or relative increase in venous pressure 
was not due to the presence of tachycardia. These workers also doubted 
that a simple increase in blood volume would elevate the central venous 
pressure in a normal animal at rest or during activity, and as a result 
of experiments in which large amounts of blood were rapidly transfused 
into the circulation of test dogs they concluded that such a rise in 
venous pressure was virtually impossible. It is their opinion that the 
intermittent relative or absolute increase in venous pressure during 
exercise is due to the inability of a heart with reduced “competence”’ 
to cope with the increased venous return consequent to muscular activity. 
Secondary to this increase in pressure is the temporary sequestration 
of blood in the venous system, accompanied with excessive filtration 
of fluid, with resulting reduction of circulating blood volume, com- 
pensatory vasoconstriction and subsequent plethora. The elevated 
venous pressure occurring in a person at rest with chronic congestive 
failure may thus be due to faulty cardiac “competence,” plus the additional 
burden of increase in plasma volume. 

Another criticism of the views of Warren and Stead comes from 
Reichsman and Grant.** These workers followed the course of 3 patients 
in whom cardiac decompensation developed after digitalis had been 
withheld. Their charts indicate that in the 3 cases the venous pressure 
rose before the body weight became increased. They suggest that 
initial dehydration may have precipitated the early gain in weight in 
at least 1 of the patients studied by Warren and Stead. The result 
of these and other investigations has been a renewed and healthy interest 
in the pathologic changes in heart failure. 


16. Reichsman, F., and Grant, H.: Some Observations on the Pathogenesis 
of Edema in Cardiac Failure, Am. Heart J. 32:438, 1946. 
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A less complex aspect of the problem has been studied by Nylin,** 
who used red blood corpuscles labeled with radioactive phosphorus to 
determine the circulating blood volume. Observations made on 2 
patients with heart failure revealed a considerable increase both in the 
number of blood corpuscles and in the circulating blood volume. One 
f the patients was followed after the evidences of cardiac failure had 
lisappeared, and it was found that both the blood volume and the 
juantity of corpuscles had decreased. Perera,’* working at the Presby- 
terian Hospital in New York, was interested in comparing the increase 
in plasma volume during predominant cardiac insufficiency on the 
right side with the size of the liver. It appears from his observations, 
iecessarily gross, that there is a direct relation between the two, and 
ie refers to the possibility that the increase in plasma volume is due 
o dilatation and engorgement of vascular channels in the liver and 
n the portal circulatory beds. Work on plasma volume has also been 
onducted by Lyons, Jacobson and Avery,?® who have demonstrated 
n normal subjects increased volume after a large intake of sodium 
alts in association with slight gain in weight and an elevation of 
veripheral venous pressure. They suggest that an increase in the 
mount of extracellular fluid along the course of the peripheral veins 
nay produce a rise in tissue tone, partial obstruction of the vein and 
in turn an elevation of the venous pressure level. 


The effects of a subtropical climate on patients with congestive heart 
failure have been investigated by Burch.”° He found that the rate of 
water loss from the skin of these patients is markedly lowered when 
severe congestion is present and that as the signs of failure subside 
the rate of water loss returns to a more normal level. He also observed 
that the rates of water and heat loss from the respiratory tract of 
24 patients with heart failure involving both ventricles are definitely 
greater than the rates observed under similar conditions in 107 normal 
subjects. 

Altschule and Zamcheck ** undertook studies on 8 patients with 
pleural effusions, 4 of whom were suffering from heart disease with 
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congestive failure. They found that after thoracentesis there was an 
increase in the functional, residual and reserve air and that the venous 
pressure fell significantly whether or not the original pressure was 
normal. It was their impression that the existence of a pleural effusion 
is not per se a factor which impairs the cardiac output in patients at 
rest. The preponderance of hydrothorax of the right side in congestive 
heart failure has been the subject of a report by McPeak and Levine,” 
who wished to check the accuracy of statements by other authors to 
the effect that hydrothorax of the left side is common in hypertensive 
heart disease with congestion and in other types of left ventricular failure. 
It was the conclusion of McPeak and Levine that hydrothorax of the 
right side predominates in 56 to 80 per cent of patients with congestion 
on a cardiac basis, regardless of the nature of the underlying condition. 

From England has come a most interesting description of the 
occurrence of heart failure in patients with osteitis deformans (Paget’s 
disease). Edholm, Howarth and McMichael ** discovered that the 
extensive vascularity of the bones affected by this disease results 
essentially in an arteriovenous shunt, the effect of which is to produce 
strain on the heart and in certain cases actual cardiac failure such as 
occurs in other types of arteriovenous fistulas. With the use of tourni- 
quets which isolated the circulation of the affected limbs, they were 
able to lower the heart rate, cardiac output and right auricular pressure 
and to elevate slightly the diastolic pressure. Their observations draw 
attention to this additional condition which must be considered in the 
differential diagnosis for patients with congestive heart failure of 
obscure origin. Obviously such a possibility is especially to be explored 
in dealing with older persons. 

The mechanism of prolonged circulation time associated with 
myocardial insufficiency was investigated by Nylin,** who used red 
blood corpuscles labeled with radioactive phosphorus. He determined, 
by means of a Geiger counter, the activity of fractioned specimens of 
arterial blood from normal subjects and from patients with large hearts, 
obtaining for the former a dilution curve characterized by a sharp 
rise and fall and for the latter group a much more gradual ascent and 
descent. As a result of these researches Nylin believes that the pro- 
longation of the circulation time in patients with large hearts is 
probably not due to stasis alone but is perhaps chiefly related to cardiac 
dilatation and thus to the amount of residual blood in the cavities of 
the heart. 
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Although the importance of low sodium intake for patients with 
reduced myocardial reserve has been the topic of several publications 
over the past forty years, it is only recently that adequate emphasis 
has been placed on this important aspect of the therapy of heart failure. 
The reports of Schemm ** publicized his successes in the management 
of edema by the use of a high fluid and low sodium intake combined 
with a neutral or acid ash diet. More recently it has appeared from 
the work of others, including Bridges, Wheeler and White ** as well 
as Leevy and his associates," that the most important requirement for 
success with this regimen is a rigid restriction of sodium intake. It 
is doubtful that it is wise or desirable to force fluids, and it also appears 
unnecessary to insist on an intake of acid ash food. The group at the 
Massachusetts General Hospital found that a sodium intake of around 
600 mg. can be maintained by most hospitalized and ambulatory 
vatients without undue difficulty and that such a measure may control 
edema which has previously been resistant in addition to reducing 
the need for mercurial diuretics. However, like the rice diet which will 
be described later, such a routine is not without its drawbacks: Many 
persons suffer considerable initial mental distress when salt is removed 
rom their diet, and patients who must exist on restaurant fare may 
ind it impossible to restrict properly their intake of salt. At times 
in Overvigorous diuresis of sodium may occur in persons on this diet 
vho are receiving mercurial diuretics, with resulting muscular cramps 
ind even vomiting. Such symptoms are easily controlled, however, with 
i little added salt. These authors stress how necessary it is not only to 
restrict the intake of sodium chloride but also to eliminate the use of all 
types of alkaline drugs which contain significant amounts of sodium ion. 

Just as attention is now being directed to early mobilization in 
surgical patients, so also is the harmful effect of recumbency in the 
treatment of heart disease the subject of recent papers. Levine ** 
points out that the patient himself seeks relief from nocturnal dyspnea 
by assuming the sitting or erect position. He states that lung volume 
and vital capacity also tend to decrease with recumbency, and he 
urges that rest in bed should not be employed to a degree which is 
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actually deleterious to the patient’s condition. Wheeler and White ** 
have pointed out in this regard that insomnia may for a time appear 
as the only symptom of pulmonary congestion accompanying nocturnal 
recumbency and that it will respond dramatically to the use of diuretics. 
Harrison * holds views similar to those of Levine and advises early 
ambulation in cases of congestive heart failure as soon as severe dyspnea 
has subsided. He suggested the observance of the sensible rule that 
in severe heart disease activity should be kept below the symptomatic 
threshold. 
CONGENITAL HEART DISEASE 


Great strides continue to be made in the diagnosis and treatment 
of congenital cardiovascular defects. Using the technic of catheterization 
cf the right side of the heart, Cournand,’ Sosman and Dexter,** Brannon 
and associates *? and others have obtained valuable information regarding 
the pressures in the right auricle and ventricle as well as in the pulmonary 
arteries, have been able to estimate the cardiac output and study the 
oxygen saturation of the aforementioned areas, have found certain 
characteristic pressure curves for individual conditions and have at 
times directly indicated the presence of septal or other defects by the 
course which the catheter has taken. It would appear that we are just 
beginning to tap the information which may be obtained through this 
technic. (The details of this new diagnostic method are not suitable 
for inclusion in a review of this type, but a complete description can 
be found in the references just mentioned. ) 

Porter ** has described an interesting set of twins, 1 of whom was 
found to have a patent ductus arteriosus. This twin was shorter and 
lighter than his brother, but after ligation af the ductus he outgrew 
him although he still weighed somewhat less. The author also refers 
to 2 other patients with patent ductus arteriosus who were smaller and 
less heavy than other members of their respective families. The 
clinical features of 37 cases of patent ductus arteriosus proved at 
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operation have been reviewed by Levine and Geremia.** They observed 
that the systolic phase of the murmur was never less than grade II, 
that a diastolic phase was always present, that an apical systolic murmur 
could invariably be heard and that 4 of their 37 patients also had an 
apical mid-diastolic rumble. Occasionally a slight pulmonic systolic 
murmur persisted after operation; there was only 1 instance of a 
persistent diastolic murmur (the patient was found to have subacute 
bacterial endocarditis involving his aortic valve). 

It is to be regretted that the numerous reports regarding the 
ncidence of congenital anomalies following maternal rubella in the 
arly weeks of pregnancy do not give more precise information as to 
the exact types of cardiac defects. For example, Albaugh,®** in his 
lescription of 9 infants with such anomalies, states that 8 of them had 
heart lesions” but gives no further details, nor does a recent review 
i this problem by Wesselhoeft ** throw further light on the nature 
ff the cardiac changes although it presents an excellent statement of 
the facts at hand. It is to be hoped that more complete reports will 
e available soon. 

Ligation or division of the patent ductus arteriosus has gained 
. deserved increasing popularity. Gross and Ware ** have reported a 
eries of 130 cases in which they operated, with a mortality of only 
3.8 per cent. ‘Phey advise that operation be done preferably during 
hildhood. While it is Gross’s present opinion ** that surgical division 
of the ductus is preferable to ligation alone because the latter technic 
has in certain instances been followed by persistence or reopening of 
the arteriovenous shunt, Blalock *® considers division to be not only 
unnecessary but even unwise. He recommends the use of purse-string 
sutures at the extreme ends of the ductus followed by two through 
and through mattress sutures plus a ligature of umbilical tape. 

Coarctation of the aorta, a condition which has recently been reviewed 
excellently by Reifenstein, Levine and Gross,*® also is being approached 
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surgically without trepidation in certain clinics. Crafoord and Nylin,* 
of Stockholm, had observed in the past that clamping of the aorta during 
an operation on a patent ductus arteriosus produced no untoward effects. 
Encouraged by this helpful information, Crafoord in October 1944 for the 
first time resected the coarcted portion of an aorta and performed an 
end to end anastomosis of the proximal and distal aortic segments. 
These authors found that a gratifying drop in blood pressure took place in 
the arms postoperatively, along with an increase in the oscillations and 
blood pressure in the legs. Shortly after this Gross and Hufnagel * 
described experimental work in which a similar direct aortic anastomosis 
was employed in dogs and also reported the results of operation on 2 
patients, 1 of whom died when the aortic clamps were suddenly released. 
More recently, Gross ** has operated on 28 additional patients, with 
encouraging results. It is to be hoped that the life span of patients with 
this type of congenital cardiac disease may be prolonged by the introduc- 
tion of this new surgical treatment. 

Even more dramatic has been the work of Taussig and Blalock,** 
who have approached the problem of tetralogy of Fallot with a view 
toward increasing the volume of the pulmonary circulation and thus 
increasing the degree of arterial oxygen saturation and lessening cyanosis 
and polycythemia. Employing the technic of end to side anastomosis 
of one subclavian or innominate artery to a pulmonary artery on the same 
side, they have been able in most instances to attain an arterial oxygen 
saturation level of between 75 and 88 per cent and definitely to improve 
the condition of their patients and their tolerance to exercise. Blalock’s 
series now comprises more than 509 cases,*® with an over-all mortality of 
18 per cent. In an earlier group of 110 cases, in which he had reported 
a mortality of 23 per cent, all but 1 of the surviving patients showed 
clinical improvement. In Chicago, Potts and his associates ** have 
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used a different technic involving a direct side to side anastomosis 
between the left pulmonary artery and the aorta by means of a special 
aortic clamp which they devised. Such a procedure has the advantage 
of sparing the subclavian and innominate arteries, one of which must be 
sacrificed if the Blalock method is used. These authors have performed 
their operation on 45 patients with tetralogy of Fallot and have reported 
only 4 deaths. 

The significance of anomalies of the aortic arch in the production of 
tracheal and esophageal obstruction has been recognized only recently,* 
ind with this recognition has come the use of surgical intervention. 
Gross and Ware *7 have operated on 3 patients with vascular rings, and 
Sweet, Findlay and Reyersbach ** have reported operation on 2 others. 
Both sets of workers have been able to relieve the obstruction by the 
livision of one or more anomalous vessels. It is too early for a report 
on an adequate follow-up of these cases, but the new form of treatment 
lay prevent the serious pulmonary complications which sometimes result 
f this condition is allowed to persist over a long period. 

Mention should also be made of an experimental method for the 
production and subsequent closure of interauricular septal defects 
proposed by Cohn.*® This enthusiastic worker sutured a portion of the 
right auricle over experimentally produced auricular septal defects in 
logs, securing in most cases satisfactory closure. It would appear that 
soon there may be no portion of the heart which is not accessible to the 
surgeon’s knife. 


RHEUMATIC FEVER AND RHEUMATIC HEART DISEASE 


A series of articles by Rantz, Boisvert and Spink ®° has provided 
further data on the relationship between streptococcic infections and 
rheumatic fever. Using the large volume of clinical material available 
in an army installation, these authors discovered 15 cases of rheumatic 
fever among a series of 410 patients known to have had respiratory 
infections caused by group A hemolytic streptococci. In another series 
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of 871 patients with respiratory diseases definitely not due to group A 
hemolytic streptococci there were no instances of rheumatic fever. It 
is of interest that many of their patients had a period of vague ill health 
after the original bacterial infection before rheumatism could be diag- 
nosed. They suggest that repeated infections with different types of 
hemolytic streptococci may be necessary to produce the active rheumatic 
state (implying a tissue sensitivity to a fraction or product common to 
all types of hemolytic streptococci belonging to group A). In this regard 
the authors observed rheumatic fever to be twice as common among a 
small group of patients who became reinfected with different types of 
streptococci two to three weeks after the initial illness as among a 
larger group infected with only one strain. They also noted abnormali- 
ties similar to those found with active rheumatic fever in the electro- 
cardiograms made on patients who had been hospitalized for hemolytic 
streptococcic sore throat but in whom typical rheumatic fever had never 
developed otherwise. However, it should be pointed out that the 
sedimentation rate was invariably elevated in this group of patients. 
The authors consider the varied clinical and laboratory abnormalities 
which may occur after hemolytic streptococcic sore throat, believe them 
all to be manifestations of the same pathologic process and advise that 
they be grouped together as phases of the “post-streptococcic state.” 
Similar conclusions were reached by Watson, Rothbard and Swift ** in 
a review of 110 cases of scarlet fever in young adults. 


Cardiac lesions of the rheumatic type have been reported by Rich 
and Gregory ** to have been produced in rabbits by the serum sickness 
type of anaphylactic reaction after the intravenous injection of foreign 
protein material. They have described lesions of the heart valves, 
endocardium, myocardium and pericardium having characteristic Aschoff 
bodies. They have also pointed out the similarity between rheumatic 
fever and anaphylactic serum sickness in human beings and have 
described the similarity of rheumatic pneumonitis to the pneumonitis 
resulting from hypersensitivity to sulfonamide compounds. It is their 
belief that the lesions of rheumatic fever represent focal hypersensitivity 
reactions to a foreign antigen, perhaps a product of the hemolytic 
streptococcus. These workers have in addition described arterial lesions 
of the periarteritis nodosa type in animals subjected to hypersensitivity 
tests. Selye and his colleagues, also using animal experimentation, 
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reported the formation of Aschoff bodies in the myocardium as well 
as the presence of periarteritis nodosa in animals receiving large over- 
doses of desoxycorticosterone acetate. They found that unilateral 
nephrectomy and a high intake of sodium chloride facilitated these 
changes. Subsequently these authors took a series of rats, removed 
one kidney and either both adrenal glands or the thyroid gland and 
hen administered large amounts of sodium chloride and desoxycorti- 
osterone acetate. They believe that they have produced by this method 
. form of arthritis associated with histologic changes consistent with 
heumatic fever. These studies open further avenues of investigation 
vhich may prove exceedingly far reaching. 

The war era has resulted in numerous publications regarding the 
linical characteristics of rheumatic fever encountered in the armed 
orces. Sokolow and Snell,** as well as many others, call attention to 
he atypical features which may be present with active rheumatic fever 
n young adults. The cerebral manifestations of this disease have been 
he subject of a paper by Warren and Chornyak,®® who consider that 
) of their patients (among a series of 207) had evidences of intracranial 
nvolvement. In 1 of these the symptoms may have been attributable 
o salicylate intoxication; the other 4 patients showed, during the 
ourse of active rheumatic fever, a paranoid state (encountered twice), 
ransient mental deterioration and loss of memory and ability to con- 
‘entrate and partial paralysis of the left third nerve respectively. 

Recurrence rates in rheumatic fever have been analyzed by Wilson 
ind Lubschez.°® They have shown that the risk of a major recurrence 
lecreases with age and that this risk is greatest in the first year following 
in attack, becoming progressively less with the passage of time. Their 
statistics indicate that the risk of reactivity was not associated with 
the number of recurrences in the past, the presence of arthritis or 
chorea in previous attacks or the severity of the disease. 

The thesis that early physical activity is of value in the treatment 
of active rheumatic fever has been expounded by Robertson, Schmidt 
and Feiring.*” Using the patient’s comfort as the single determining 
factor in prescribing strict rest in bed or physical activity, they believe 
that they have reduced the incidence of anxiety neurosis in 200 cases 
of the disease and at the same time obtained satisfactory clinical results. 
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This paper is open to the objection that there was not only incomplete 
reporting of the clinical and laboratory details of the cases in question 
but also a lack of control studies. Furthermore, the authors have no 
follow-up data available, and their experience was limited to the type 
of the disease affecting adults. 

The treatment of the acute phase of rheumatic fever by large doses 
of salicylates has absorbed the attention of many writers. It is the 
conclusion of Manchester °* that intensive treatment with salicylates, 
using the Coburn technic of intravenous administration, suppresses 
rheumatic infection in the acute phases, relieves articular and toxic 
manifestations, prevents significant cardiac damage and shortens the 
period of active infection. It is unfortunate that he fails to state the basis 
on which he selected his cases. Griffith ** believes that large oral doses 
of sodium salicylate or acetylsalicylic acid with sodium bicarbonate 
are effective in the relief of pain and the lessening of fever and in aiding 
the absorption of transudates in serous cavities; he considers that the 
intravenous route is usually unnecessary. Taran ® also states that 
massive doses of salicylates given orally are beneficial in rheumatic 
polyarthritis and carditis. A somewhat skeptical report comes from 
Warren, Higley and Coombs,** who found that while large doses of 
the drug were more effective in reducing pyrexia than small ones 
they nevertheless had no more effect on the sedimentation rate, did 
not reduce the occurrence of polycyclic attacks and did not prevent 
valvular disease. These authors did state, however, that large doses 
were more beneficial in the presence of acute pericarditis. Here agait 
it would have been desirable to have more specific information as to 
the basis for the selection of cases. Murphy ® has described a smal! 
series of patients in whom particular attention was given to involvement 
of the joints and to the presence of nodules while they were being 
given massive doses of salicylates. This author was not impressed with 
the therapeutic value of such a regimen in ameliorating the involvement 
of the joints. Further dissenting reports come from Weégria and 
Smull,®* of the Presbyterian Hospital in New York, who concluded 
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that large doses of the drug did not shorten the rheumatic attack, 
and from Harris,®** who decided that it was doubtful that massive doses 
of salicylates suppressed the inflammatory reaction of rheumatic fever. 
Smull and her associates ** have reported that when sodium salicylate 
ind sodium bicarbonate are given in equal amounts the latter drug 
produces an appreciable depression of the salicylate blood level. On 
the other hand, Griffith °° believes that smaller doses of bicarbonate 
lo not have this effect yet counteract the tendency to gastric irritation. 


The prothrombinopenic effects of massive salicylate therapy have 
been investigated by Owen and Bradford,®** who employed 10 Gm. 
loses of sodium salicylate intravenously daily for six days or longer 
nd found a depression of the prothrombin blood level of as much as 
0 per cent. No serious hemorrhages occurred in their series of 25 
atients, however, and they observed a tendency to a spontaneous return 
) normal blood levels despite continued therapy. A slight to moderate 
icrease in the prothrombin time has also been reported by Butt and 
is associates.** Shapiro® has found that synthetic vitamin K is 
fective in counteracting this thrombinopenic action of salicylates. 
wo deaths, possibly attributable to intravenous and oral salicylate 
\erapy respectively, have been described by Ashworth and McKemie.*® 
‘ostmortem examination of both patients revealed diffuse petechial 
emorrhages throughout the body, including the brain; however, in 
neither case were salicylate or prothrombin levels reported. 

A new drug, the calcium double salt of benzoic acid and succinic 


cid benzyl ester, has been used by Gubner and Szucs * in 55 patients 
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with active rheumatic infection. They have reported a shorter period 
of hospitalization, less fever and leukocytosis, a shorter period of eleva- 
tion of the sedimentation rate and a lower incidence of carditis than 
when patients with apparently similar characteristics were treated with 
salicylates and ascorbic acid. These writers theorized that the drug 
may prevent inactivation of certain enzymes concerned in tissue oxida- 
tion. Further confirmation of these results is awaited. The value 
of a 50 per cent oxygen atmosphere for patients with acute rheumatic 
fever has been described in England by Poulton ™ and in this country 
by Taran ®°; the latter has found this adjunct to other therapy to be 
of great benefit in the presence of heart failure in lessening pyrexia, 
slowing the pulse rate and combating cardiac insufficiency. It is his 
belief that cardiac disability is minimized by this measure although 
the period of rheumatic activity is not shortened. 

Favorable accounts of the efficacy of suJfonamide drugs in thi 
prevention of rheumatic recurrences have been given by Thomas,” 
Dodge and her asseciates,* Wolf, Rauh and Lyon™ and others. 
Thomas has stated: “Small daily doses of sulfonamides . . . seem to 
be the most effective method of preventing recrudescences that has 
yet been found,” and she recommends that sulfadiazine be given t 
all children and young adults who have had one or more unequivocal 
attacks of rheumatic fever. During the early years of World War II 
it was the experience of medical officers in both the army (Holbrook *° ) 
and navy (Coburn) that streptococcic epidemics could be checked 
by the use of sulfadiazine. Such programs, as a recent editorial ? has 
pointed out, have certain drawbacks which are not always apparent 
at first glance. These unfavorable factors include sensitization of per- 
sons té the drugs, occasional toxic effects, failure to eliminate throat 
cultures which yield streptococci and the development of strains of 
hemolytic streptococci which are resistant to the sulfonamide compounds. 
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\ll these objections have been sustained by clinical experience and 
must receive due consideration whenever the question of chemoprophy- 
laxis arises, 

BACTERIAL ENDOCARDITIS 

It has customarily been thought that the alpha hemolytic strepto- 
coccus was the offending organism in approximately 90 per cent of 
he cases of subacute bacterial endocarditis, and it has been the practice 
f most laboratories to label a streptococcus which produced alpha 
emolysis with that descriptive designation. Wheeler and Foley * 
‘btained streptococci from 21 patients with subacute bacterial endo- 
arditis and by suitable cultural methods ascertained that seventeen 
f these belonged to Lancefield group D (commonly considered the 
nterococcus group). They believed that this was the correct classifi- 
ation, even though the reaction of these bacterial strains on 5 per 
ent horse blood agar was in most instances that of alpha or beta 
iemolysis, and they refer to Lancefield’s statement that hemolytic 
\ctivity is not so closely related to serologic grouping as was first 
supposed. In the light of this work it may be well to carry out more 
letailed cultural study on all streptococci isolated in cases of endo- 
arditis. Loewe and his associates ** have recently reported isolation 
{a strain of nonhemolytic streptococci in 41 cases of subacute bacterial 
ndocarditis. They have named this strain Streptococcus s.b‘e. and 
lieve that it is unusually resistant to penicillin. There are many 
nstances recorded in the literature of streptococci acquiring an increas- 
ng resistance to penicillin; Dowling, Hirsh and O’Neil ®° have reported 
. case of endocarditis in which the offending Streptococcus viridans 
nereased its resistance to penicillin more than a hundredfold during 
the course of treatment. 

Interesting observations have been made by Beeson, Brannon and 
Warren ** on the sites of removal of bacteria from the blood stream 
in 6 patients with bacterial endocarditis. These workers obtained blood 
from the femoral artery, femoral, hepatic, renal and antecubital veins. 
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superior vena cava and right auricle. The arterial and venous specimens - 
were taken at approximately the same moment and cultured, and the 
number of colonies per cubic centimeter were then counted. Their 
results disclosed that the arterial blood had a colony count higher, as 
a rule, than that of blood from the right auricle, indicating that a 
new supply of bacteria was constantly being added from the vegetations. 
Their studies also showed a remarkable constancy of the arterial colony 
count from minute to minute and not a series of showers of bacteria. 
The smallest number of colonies appeared in cultures of blood drawn 
from the hepatic vein (as low as 5 per cent of the arterial count) ; 
hence it was surmised that the liver acted as an effective bacterial 
filter. These authors also concluded that the degree of bacteremia 
present in arterial blood and in blood from the antecubital vein was 
so nearly the same that there was no reason to perform arterial cultures 
routinely. Investigations of a somewhat similar nature have been 
conducted’ by Mallén, Hube and Brenes,*? who obtained cultures of 
blood from the sternal marrow, radial artery and antecubital vein in 
88 patients with subacute bacterial endocarditis. Their results do not 
indicate that any one of these sites is definitely superior to the others 
in yielding positive blood cultures. 

The treatment of 8 patients with acute bacterial endocarditis has 
been made the subject of a report by Wilhelm, Hirsh, Hussey and 
Dowling.** Five of these patients are said to have been infected with 
the Staphylococcus albus, 2 with the Staphylococcus aureus, and 
1 with type XII pneumococcus. All of them received penicillin, 
but only 3 survived. Unusual features in this series were the apparent 
involvement of the tricuspid valve in 4 cases (confirmed at autopsy 
in 1) and the fact that 5 out of the 8 were addicted to heroin. The 
diagnosis of acute bacterial endocarditis is indeed difficult at any age, 
and Zeman and Siegal,** in describing 9 patients, 60 or more years of age, 
who showed this disease at autopsy, point out that in no instance was 
the correct diagnosis made clinically. In at least 2 of the patients no 
murmurs were heard. 

The introduction of antibiotics in the treatment of subacute bacterial 
endocarditis has brought forth numerous publications describing various 
methods of administration, dosages, concomitant use of other drugs 
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and clinical results. To Loewe and his associates **° must go great 
credit for persevering in the treatment of this disease and finally 
demonstrating the value of large doses of penicillin. Their original 
report included data on 7 patients, in all of whom penicillin-sensitive 
organisms were demonstrated and all of whom showed excellent clinical 
responses to what we now consider modest doses of the drug. In this 
and in his subsequent papers Loewe has preached the wisdom of using 
combined penicillin and heparin treatment to retard the formation of 
vegetations and to hasten their disappearance. Of 54 patients whom 
he treated in this manner, 37 were living after a period of observation 
of two to fifteen months. He advises a five week course of penicillin 
ind heparin, the former to be given in a daily dose of at least 200,000 
inits by the intravenous route. From his reports it does not appear 
that the administration of heparin has been a significant factor in any 
f the deaths in his series. Thill and Meyer ** gave penicillin with 
‘dicumarol” in the treatment of 13 patients with subacute bacterial 
endocarditis and also administered penicillin alone to another group 
f 9 patients. Eleven of the patients receiving the combined therapy 
vere considered to have recovered or to have had their disease 
‘arrested,’ whereas only 3 patients in the group receiving penicillin 
lone were alive at the time of the report. It does not appear, however, 
that the two groups of cases were strictly comparable; indeed the 
\uthors are themselves skeptical about the value of anticoagulant therapy 
n this condition. It is fair to state that no definite conclusion can 
e drawn from their experience. 

It is the opinion of most writers on this subject that anticoagulants 
are unnecessary to obtain satisfactory clinical results from the penicillin 
therapy of bacterial endocarditis. This view appears to be well sub- 
stantiated by the reports referred to subsequently in which penicillin 
alone has been administered in cases of endocarditis. Perhaps of an 
importance equal to or greater than this clinical demonstration of the 
efficacy of penicillin given alone is the experimental work of Nathanson 
and Liebhold.*? These authors prepared fibrin pour plates to which 
a stock culture of Bacillus subtilis had been added and then determined 
the diffusion of penicillin, sodium sulfathiazole and sodium sulfadiazine 
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into the medium, using the assay cup technic. Their results indicated 
that penicillin penetrated almost as well into fibrin pour plates as into 
plain agar plates, in contrast to an insignificant degree of penetration 
into the former by the sulfonamide compounds. This work provides 
a rational basis for the belief that penicillin given alone can be successful 
in reaching bacteria lodged in fibrinous vegetations without resort to 
anticoagulants. 

The numerous reports on the treatment of subacute bacterial endo 
carditis with penicillin but without anticoagulants give the over-all 
survival rate as about 65 per cent. Goerner, Geiger and Blake * 
described 12 patients treated with moderate doses of the drug given 
by constant intravenous infusion, 11 of whom were surviving at the 
time of the report. Flippen and his associates *® have studied 20 
patients, 12 of whom have survived. The Medical Research Counci! 
in Great Britain *° has stated that of 147 patients treated by means 
of the constant intravenous drip or by intermittent intramuscular 
injections 81 were apparently cured over a minimum follow-up period 
of three months. The statistics reported from the Presbyterian Hospital 
in New York by Hunter * indicate that 41 patients of 49 who have 
been treated with the drug are alive and well, and Priest and his 
colleagues °? found a survival rate of 65 per cent in 34 of their cases 
It does not appear from these and other publications that the rout 
of administration of penicillin is the vital factor in the production oi 
successful results. 

In this regard Loewe and his group ** have found that the continuous 
intravenous drip provides higher serum levels of penicillin than does 
the continuous intramuscular route or fractional intramuscular injec- 
tions when a comparable daily dosage is used, and Rantz and Kirby,” 
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investigating the blood level obtained with constant subcutaneous admin- 
istration as compared with that obtained by the constant intravenous 
method, have reported that the latter gives levels which are 50 per 
cent higher. It is apparent from the reports available, however, that 
the route of administration is not as important as are the daily dose 
of the drug, the duration of treatment, the sensitivity of the organism 
to penicillin and the height of the penicillin blood levels. Most writers 
on the subject now advise a minimal daily dose of 500,000 units given 
| an uninterrupted course for four weeks or longer. A blood level 
{ penicillin five times that necessary to inhibit growth of the organism 
n vitro is desirable. 

Mention must also be made of the use of streptomycin in the 
ccasional case of endocarditis in which a gram-negative organism is 
ultured from the blood stream or in which some other type of bacteria 
; being harbored which is found to be extremely resistant to penicillin 
ut sensitive to streptomycin. Hunter and Duane * have described 
patient who was infected with a small gram-negative bacillus (uniden- 
fied) and who rgsponded well to a ten day course of streptomycin 
i doses of 3.0 Gm. daily. The successful use of this drug in the 
eatment of 2 patients with streptococcic bacterial endocarditis has 
lso been reported by Priest and McGee *® (although there is some 
ioubt with regard to 1 of these patients as to whether penicillin or 
(reptomycin or both should be credited with the good result). 

The outlook for patients with bacterial endocarditis has thus changed 
lramatically for the better during the past three years. Nevertheless 
here continue to be numerous deaths from the ravages of this disease 
lespite the control of the bacterial infection itself. As White, Mathews 
ind Evans,*? Rosenblatt and Loewe,** Fiese,°* and Honigman and 

Xarns °° have reported, there is an appreciable number of patients 
who succumb to congestive heart failure because of the destructive 
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effect of ulceration of the heart valves and endocardial surfaces (as 
well as the concomitant presence of rheumatic activity) and who at 
autopsy show proof of a sterilization and healing of the cardiac lesions. 
To this group should be added those whose deaths are attributable to 
embolic phenomena occurring during the course of treatment. 


HYPERTENSION AND HYPERTENSIVE HEART DISEASE 


The range of the blood pressure in hypertensive persons has been 
studied by Gubner, Silverstone and Ungerleider,’* who found that the 
maximum blood pressure levels obtained by breath-holding tests and 
cold pressor tests were approximately similar. These authors also state 
that hyperventilation accompanied with digital pressure over one carotid 
sinus (preferably the left one) gave a fall in blood pressure comparable 
to that obtained by sedation with “sodium amytal.” These simple 
diagnostic measures deserve further trial to ascertain their clinical value. 
Roth and his colleagues *°? from the Mayo Clinic have subjected a 
number of normal subjects to various studies before and after they 
smoked two cigarets in succession. In addition to a drop in skin 
temperature and the appearance of tachycardia, an elevation in blood 
pressure of a significant degree was produced, the systolic level rising 
an average of 19 mm. of mercury and the diastolic level rising an 
average of 14 mm. These authors draw no conclusions as to the 
undesirability of tobacco for hypertensive persons. An extensive study 
of the records of 22,741 army officers has been carried out by Levy, 
White, Stroud and Hillman,’ and their findings are of considerable 
interest to all physicians who have the problem of predicting physical 
fitness and the individual life span, particularly in connection with the 
armed forces and in the insurance field. It was noted that at all ages 
sustained hypertension developed more frequently in those with previous 
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transient hypertension than in those who never showed an elevation 
of blood pressure. It was found, too, that even a slight degree of 
elevation in the blood pressure level was of importance and that a 
transient rise in diastolic pressure above 100 mm. of mercury was of 
great significance. The presence of overweight or of transient tachy- 
cardia and in particular the combination of these two also increased the 
incidence of later sustained hypertension. 

That commonly mentioned condition, menopausal hypertension, 
has been critically studied by Taylor and his associates,’°* whose subjects 
were 179 castrated women and a group of 21 women who had undergone 
the natural menopause. They concluded that there was no increase 
in the incidence of hypertension which could be attributed to the onset 
of the menopause. 

An excellent study of the differential diagnosis of terminal glomerulo- 
nephritis and malignant hypertension has been reported by the same 
authors.?°° With regard to renal status, they conclude that there was 
ess effective renal blood flow, piasma “diodrast” clearance and plasma 
inulin clearance, a lower filtration fraction, a lower serum level of 
protein and albumin and a lower mean of systolic and diastolic pres- 
sure on the average in patients with nephritis than in patients 
suffering from malignant hypertension. It was also observed that once 
renal failure commenced the nephritic patients survived longer than did 
those with malignant hypertension. They postulate that hypoproteinemia 
may serve as a mechanism by which glomerular filtration is maintained. 
Regarding the cardiac status, they conclude that heart failure tends to 
develop earlier and more frequently in patients.with malignant hyper- 
tension than in those with primary renal disease and that electrocardio- 
graphic abnormalities were commoner in the former group. 

The effect of desoxycorticosterone acetate.on the blood pressure of 
marf has been investigated by Perera, Knowlton, Lowell and Loeb.’ 
They administered the drug daily or every other day by the subcutaneous 
route to 24 patients with Addison’s disease and found that 8 of these 
were persistently hypertensive while under treatment. Salt therapy 
alone in 15 patients did not appear to alter the blood pressure level. 
Hypertension also developed in 3 normal persons while they were 
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receiving desoxycorticosterone acetate, but their blood pressure returned 
to normal when the medidation was stopped. Their studies appeared 
to eliminate abnormal retention of sodium ion or an increase in circu- 
lating blood volume as the significant factor producing the elevation in 
blood pressure. 


Goldblatt *°* has published a comprehensive review of the evidence 
for the renal origin of hypertension. He commences by remarking: 
“There is no reasonable doubt that some cases of human hypertension 
are of renal origin. The unsolved problem is whether many or most 
of those still referred to as ‘essential’ are also of renal origin.” It is 
his belief that “arterial and arteriolar sclerosis are primary but of 
unknown origin, and when vascular disease affects the kidneys to a 
degree sufficient to produce adequate disturbance of intrarenal hemo- 
dynamics, a mechanism is initiated which brings about the increased 
peripheral vascular resistance that determines the hypertension.” He 
summarizes his own study of the production of an elevation of the blood 
pressure in animals and reviews the evidence for the humoral mechanisms 
in hypertension. In conclusion he discusses the similarities between 
human essential and experimental renal hypertension and reasons that 
in view of these it would be remarkable if the former would not prove 
to be of renal origin. 


The treatment of arterial hypertension by the several technics 
of sympathectomy has its advocates and its opponents. On the one hand, 
Smithwick #8 and de Takats and others *® believe that the operation 
is the procedure of choice in “selected” cases of this disease. On the 
other hand, Kerr *2° voices a skeptical attitude when he remarks that 
sympathectomy may be “another example of the mastery of technique 
over reason.” It is clear from the literature that the tests which are 
employed in the selection of patients for sympathectomy .are far from 
ideal in yielding prognostic information. It should also be pointed out 
that there is no series available in which truly comparable groups 
of patients have been treated alternately by the same workers with 
some type of medical regimen and by sympathectomy. It is the opinion 
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of Palmer *™ that the longer patients are followed after operation the 
less favorable the results appear, although he agrees that sympathectomy 
is the treatment of choice in most cases of malignant hypertension. In 
his paper he also cites and discusses the multiple disadvantages attending 
the procedure and the convalescence therefrom. Smithwick '°** reports 
a series of 156 patients on whom he has operated; 61 per cent of these 
showed significant lowering of the blood pressure one to five years later 
associated with symptomatic relief and objective improvement in the 
status of the eyes, heart and kidneys. More recently, Peet ** has 
reported symptomatic improvement among 86 per cent of his surviving 
patients, as well as a significant reduction in the blood pressure in 81 
per cent. De Takats,’°° Hammarstrom*** and Poppen?** also have 
published statistics indicating a 50 per cent or greater symptomatic 
and objective improvement in suitable cases. The operative mortality 
has not been greater than 2 per cent. Rojas, Smithwick and White *?° 
have published statistics to refute the concept that the reduction in 
hlood pressure following sympathectomy is a nonspecific effect related 
(oO a major operative procedure and convalescence therefrom. 

It has been the experience of Grimson’’® that the sedation test 
with “sodium amytal” has not been of great prognostic value for his 
patients who underwent sympathectomy for hypertension. The use of 
tetraethyl ammonium compounds in hypertension, both as a possible 
therapeutic agent and in a preoperative test, has been investigated by 
lyons and his group *’ at the University of Michigan Medical School. 
They report on the pharmacologic properties of this new group of drugs 
which appear to block the transmission of nerve impulses through 
autonomic ganglions and which have, among other actions, the effect 
of producing moderate to profound transient hypotension. Most, but not 
all, hypertensive patients when administered one of these drugs intra- 
venously exhibit a decided drop in blood pressure associated in certain 
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instances with a relief of headache and other symptoms. Birchall and 
others *** employed tetraethyl ammonium chloride preoperatively in 
12 hypertensive patients and were disappointed during a short period 
of follow-up by the lack of correlation between the hypotensive effects 
obtained preoperatively with this drug and the apparent fall in blood 
pressure resulting from sympathectomy (using the Smithwick technic). 

Methods of treatment of arterial hypertension other than sympathec- 
tomy have attracted considerable attention during the past few years, 
notably those employing special diets. Of great interest has been the 
work of Kempner,"® at Duke University, who has employed a diet of 
rice, fruit and sugar in patients with both essential hypertension and 
primary renal disease. It is his belief that the ordinary mixed diet may 
contain constituents which increase the production of “abnormal” harm- 
ful substance by diseased renal cells. In the hope of compensating for 
renal dysfunction, he has administered a 2,000 calory diet limited to rice, 
sugar, fruit and fruit juices and supplemented by vitamins and iron. This 
regimen, which is hardly designed to delight the stomach of the gourmet, 
allows a daily intake of approximately 460 Gm. of carbohydrate, 20 Gm. of 
protein and 5 Gm. of fat. The fluid intake he has limited to 1,000 cc. of 
fruit juice daily. Of a group of 129 patients suffering from essential hyper- 
tension, 65 showed subjective and objective improvement; in many 
of these the blood pressure returned to normal. He has similarly noted 
benefit from the diet in cases of primary renal disease. In certain 
cases when the maximum of improvement seems to have been attained 
a liberalization of the type of food to be ingested has been allowed. 
Good results from the use in hypertension of a low sodium diet alone 
have also been reported by Bryant and Blecha *”° and by Grollman and 
his associates.724_ These investigations hold considerable promise for 
the future, not only in offering an inexpensive and painless type of 
therapy but also in providing a form of treatment which may be offered 
to patients for whom sympathectomy is obviously not suitable. Kemp- 
ner’! has suggested that perhaps impaired renal metabolism is the 
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chief difficulty when the rice diet is successful and that patients who show 
no response to his regimen may have hypertension due to an extrarenal 
factor. Such a postulate remains to be investigated further, and indeed 
the whole mechanism of the rice diet or the low sodium diet (the former 
includes the latter, of course) requires more study. 

Another approach to this problem is that of Pendergrass and his 
colleagues **? at the University of Pennsylvania, who have for some time 
been using roentgen therapy of the pituitary gland in patients with 
irterial hypertension, selecting their cases on the basis of the presence 
‘ antidiuretic hormone in the blood serum. These authors assume that 
he presence of this hormone is an indication of increased pituitary 

‘tivity and that an excess of the pituitary pressor hormone may also 
xist. Of 93 such patients whom they have treated and on whom 
lequate follow-up data are available, approximately one half are said 
have shown improvement in their clinical condition and blood pres- 
ire levels. That this form of treatment is not without its dangers is 
bvious from the fact that coma and convulsive seizures developed in 3 
atients after radiation of the pituitary region. A more complete clinical 
report of the cases, with the addition of a control series, would be 
esirable. 

Binger,'** in a preliminary report on a group of 24 hypertensive 

atients studied from the point of view of personality disorders, observed 
ertain common psychologic traits which may distinguish sufferers from 
his disease. He writes: “It is . . . my suspicion that the psychological 
lisorder and the physiological disorder each represents a different aspect 
of a more basic disturbance, the nature and cause of which is unknown.” 
[le concludes that there is no psychotherapeutic procedure available 
vhich can change the course of the disease but reminds us that “almost 
ill our therapy is in essence psychotherapy.” 

Many recent reports of hypertension ?** due to the presence of a 
pheochromocytoma have appeared during the past three and a half 
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years. It is worth while to mention once again the fact, which is obvious 
from these case histories, that this type of tumor does not necessarily 
produce a paroxysmal type of hypertension and that a persistant eleva- 
tion of the blood pressure is not uncommonly observed. A moderate 
to considerable elevation of the basal metabolic rate may be found in 
certain cases. The histamine test for the diagnosis of this condition 
has been introduced by Roth and Kvale,’** and while such a procedure 
may be of considerable value in diagnosis, further experience with it is 
necessary to estimate its reliability and hazards. Rather alarming reac- 
tions may occur with its usé, and it is probably a fair conclusion that it 
should not be employed unless there is considerable doubt of the diagnosis 
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MARFAN’S SYNDROME IN THE ADULT 


Letter to the Editor:—In the October issue of the ArcHIvES, Tobin, Bay and 
Humphreys reported 2 interesting cases of Marfan’s syndrome in the adult. The 
oatients in both cases died from dissecting aneurysm of the aorta. Although the 
vuthors discuss the heredity of this “relatively rare familial symptom complex” 
na special paragraph, they come to the conclusion in one of the following para- 
craphs concerned with “etiologic factor” -that Marfan’s syndrome is “of unknown 
rigin,” and that even twelve available autopsy reports did “not offer any solution 

to the cause of the syndrome.” 

Medical authors, at least those who study and report hereditary familial dis- 
ases, should take cognizance of the fact that heredity is an etiologic factor. They 

so should familiarize themselves with the principles of constitutional pathology, 
at is, the clinical consequences of human genopathies. The enumeration of the 
ng list of various constitutional abnormalities and malformations frequently 
countered with Marfan’s syndrome is sufficient proof that this syndrome represents 
particular variety of a widespread genopathy known as “status degenerativus.” 
hat autopsies fail to elucidate the cause of Marfan’s syndrome was clear thirty 
ars ago (“Konstitutionelle Disposition zu inneren Krankheiten,” Berlin: Springer, 
17) and has been proved since. It is time to use the bridge between the science 
{ genetics and that of human pathology. The bridge has been built, but only few 
t foot on it. It is called “constitutional pathology” (see “Constitution and Dis- 
se,” by J. Bauer, second edition, New York, Grune & Stratton, 1945). 


J. Bauer, M.D., Los Angeles. 


MERCURIAL DIURETICS 
To the Editor:—The opening sentence of Dr. Chapman and Dr. Shaffer in 
eir paper on “Mercurial Diuretics” which appeared in the Arcuives (April 1947) 
neither in accordance with the facts nor fair to previous workers. They state: 
\cute toxicity of mercurial diuretics has been noted frequently, but no extensive 
ivestigation of substances to counteract this toxicity has been reported.” 
This topic sentence, of course, immediately conveys the impression that theirs 
s the first “extensive investigation” of this nature. To set the record straight, 
| should like to point out that the work of Pines and his associates (Mercurial 
iuretics: The Addition of Magnesium Sulfate to Prevent the Toxic Effects of 
(heir Intravenous Administration, Brit. Heart J. 6:197 [Oct.] 1944), cited by 
Chapman and Shaffer in another regard and published three years before their 
vork, is in my opinion a good deal more extensive than their own investigation 
ind presents a method for reducing mercurial toxicity which is apparently as 
effective as theirs if not more so. 
Incidentally, this work of Pines and others seems to have been overlooked by 
a number of American cardiologists. DeGraff in a recent symposium at the con- 
vention of the American Medical Association stated that he knew of no method 
to reduce the danger of intravenous administration of mercurial diuretics. 


M. J. Smatt, M.D., Parsons, W. Va. 


To the Editor:—We believe that our investigation of the mercurial diuretics 
was extensive enough to report the facts. The publication of the investigation by 
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Pines and his associates did not state the number of animals used, and therefore 
we could not assume that their investigation was extensive. Their report, however, 
was complete to that date, and we believe that due recognition was given to 
this fact. 

It is not justifiable to compare our method with theirs as the time interval of 
injection of a mercurial and a detoxifying substance was considerably different, 
ours being two and five minutes and theirs thirty minutes. It is reasonable to 
believe that the longer the time interval of injection the lesser the accumulation 
of mercury in the circulation to produce a cardiotoxic effect. 


Don W. CHapman, M.D., and 
Cart F. SHarrer, M.D., 
Houston, Texas. 

















News and Comment 


GENERAL NEWS 


Death of Dr. William M. Bradshaw, Medical Director of the Mutual 
Life Insurance Company of New York.—Funeral services were held on 
Monday (May 3) at the Central Presbyterian Church, Park Avenue and Sixty- 
Fourth Street, New York city, for the late Dr. William M. Bradshaw, medical 
director of the Mutual Life Insurance Company of New York, who died at 
Roosevelt Hospital in New York on Saturday, May 1. He was 64 years old. 
ir. Bradshaw had been with the company since 1917. Prior to that he was adjunct 
ttending physician at Bellevue Hospital. He was graduated from Princeton Uni- 
versity in 1905 and from the College of Physicians and Surgeons at Columbia 
(University in 1909. He was a member of the American Medical Association, the 
New York State Medical Society and the University Club and a fellow of the 
New York Academy of Medicine. 
He is survived by his wife, Mrs. Harriet Haight Bradshaw. 


Grants by the Research Council on Problems of Alcohol.—A grant ot 
1,000 for a study on biochemical and endocrinologic factors in alcoholism was 
‘ently made by the Research Council on Problems of Alcohol to the New York 
liversity College of Medicine. The study is to be undertaken in the Department 
Medicine under the direction of Dr. James J. Smith. 

Another grant, of $30,000, has been made-by the Research Council on Problems 
Alcohol to Cornell University Medical College for a special investigation in 
: field of alcoholism. 


Meeting of the International Society of Hematology.—The biannual 
eting of the International Society of Hematology will be held at the Hotel 
itler, Buffalo, N. Y., Aug. 23-26, 1948. 

The following Symposiums will be presented: general subjects, including radio- 
tive and stable isotopes in hematology; problems and diseases related to the red 
lis; problems and diseases related to white cells; immunohematology, Rh-Hr 
CDE-cde) antigens and antibodies and hemolytic anemias, and coagulation 

problems and hemorrhagic diseases. 

Scientific exhibits will be presented in the south wing of the seventeenth floor 
t Hotel Statler. Applications for the presentation of scientific exhibits are now 
eing received by Dr. O. P. Jones, Department of Anatomy, University of Buffalo, 
Buffalo, N. Y. Chairman of the Program Committee is Dr. Ernest Witebsky, 
suffalo General Hospital, Buffalo, N. Y. 

Dr. Eduardo Uribe Guerola, Leibnitz 212, Nueva Colonia Anzurez, México 
D). F., Mexico, is in charge of the program from South and Central America, and 
Sir Lionel Whitby, University of Cambridge, Cambridge, England, is in charge 
of arrangements for the program from Europe. Communications concerning applica- 
tions for the program will be received by these committeemen. 

All scientific sessions and exhibits will be open to scientists interested in 
hematology. This’ will, of course, include members of the medical profession and 
of those branches of science dealing with hematology, such as biochemistry, bio- 
physics, genetics and immunology. 

Communications and applications concerning membership will be received by 
the following members of the membership committee : 
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Dr. William Dameshek, Chairman, 25 Bennett St., Boston, for the United 
States = 

Dr. M. Bessis, Laboratoire de Recherches, Du Centre National de Transfusion 
Sanguine, 53 Boulevard Diderot, Paris, France 

Dr. Robert R. Race, Lister Institute, Chelsea Bridge Road, London S.W. }, 
England 

Dr. Ludwik Hirszfeld, Institute of Medical and Microbiological Science, 
Wroclaw, Poland 

Dr. Ignacio Gonzales Guzman, University of Mexico College of Medicine 
México D. F., Mexico 

Dr. Walter Cruz, Instituto Oswaldo Cruz, Caiza Postal 926, Rio de Janeiro 
Brazil 

Dr. Alfredo Pavlovsky, Ancherena 1710, Buenos Aires, Argentina 

Dr. Theodore Waugh, McGill University, Montreal, Canada 

Dr. Berger Broman, Royal Caroline Medical School, Stockholm, Sweden 

Dr. C. R. Das Gupta, Hematology Department, Calcutta School of Tropica 
Medicine, Calcutta, India ; 

Dr. Luis Sandoval S., Instituto de Histologia de la Universidad de Concepcié: 
Santiago, Chile 

Dr. Rod Sirivejkul, Army Medical Department, Bangkok, Siam 

Dr. Carl Rohr, Medizinischen Universitatsklinik, Zurich, Switzerland 

Dr. Moises Chediak, Laboratorios Chediak, 23 #654 Esq. A., Banos Vedad 
Habana, Cuba 

Dr. G. di Guglielmo, Director of Medical Clinics, University of Naples Po! 
clinico, Naples, Italy 

Dr. Henrik Dam, Danmarks Tekniske Hojskole, Biologisk Afdeling, Oste: 
volgade 10” Trappe L, Copenhagen, Denmark 


Those interested in attending the meetings may communicate with Dr. S 
Haberman, Secretary, the William Buchannan Blood Center, Baylor Hospita 
Dallas, Texas. 


Memorial Issue in Honor of Sir William Osler.—The July 1949 numbe: 
of the ARCHIVES OF INTERNAL MEDICINE will be issued to commemorate th 
hundredth anniversary of the birth of Sir William Osler. It will contain articl 
written by many of Dr. Osler’s contemporaries and by physicians who worke: 
under him. 

If any of the readers of the ARcHIvEs have informal pictures of Dr. Osle: 
it would be appreciated if they would send them to the Editorial Board, 535 North 
Dearborn Street, Chicago, for possible use in the William Osler number. They 
will be returned to sender, who will be given due credit for them. 


Appointment of Commissioned Officers in the Medical Corps and 
Dental Corps of the Regular Navy.—The statutory authority contained in 
Public Law 365 of the 80th Congress, Title II (Army-Navy-Public Health Service 
Medical Officer Procurement Act of 1947), makes it possible now for civilian 
physicians to become commissioned officers in the regular Navy, provided they meet 
the professional and physical qualifications. This law is unique in that it does 
away with, for the first time, the age limitation of 32 years and permits physicians 
in civilian practice to enter the Navy and be commissioned with the rank up to and 
including captain. The law considers all strata of the medical profession, i. e.. 
interns, residents, reserves, former medical officers who have resigned and present 
practicing physicians. 
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In order to make application, a physician must be a citizen of the United States, 
, graduate from a class “A” medical school and have served at least one year’s 
nternship in an approved hospital. Candidates will then be judged on a number 
{ qualifications, such as being a member of a specialty board, teaching connections, 

number of years of professional or scientific practice, hospital or laboratory 
mnections or a statement of military service. 

The allocation of rank to successful candidates will depend on their academic 
ee, their professional standing and their experience in the medical field. Successful 
indidates will then be integrated in line with medical officers of the regular Navy 
nd assigned running mates accordingly. This means that they wiil be eligible for 

motion along with their fellow officers of equal rank. 
| This law offers a fine opportunity for civilian physicians to make a career :n 
regular Navy and to enjoy its professional advantages as well as its retirement 
efits. Physicians interested in such a career should write to the Bureau of Naval 
rsonnel, via the Bureau of Medicine and Surgery, Navy Department, Washington, 
| BS 





Medical Appointments at the State University of Iowa College of Medi- 
ne.—Dr. Mayo Hamilton Soley has been appointed the new dean of the College 
Medicine to succeed the late Dean Ewen M. MacEwen, who died Sept. 3, 1947, 

{ will assume his new duties on or before July 1. Dr. William Bennett Bean 
s been appointed Professor of Medicine and the new head of the Department of 
iernal Medicine in the College of Medicine at the University of Iowa to succeed 

Fred M. Smith, who died Feb. 23, 1946, and will come to Iowa on or about 
ptember 1. 

Dr. Soley, in addition to the deanship, will serve as the Director of Medical 
rvices of the University Hospitals and as a Research Professor in the Depart- 
‘nt of Internal Medicine. 

Dean Soley’s special interests in medicine are: diseases of thyroid, respiratory 
ysiology and anxiety states. He has published extensively in these fields. He is 
itionally known for his investigations on the therapeutic use of radioactive iodine 
thyroid disease. 

Dr. Bean is a specialist in diseases of the heart, nutrition, deficiency diseases 
nd acclimatization to heat. His publications on these subjects in the leading 
iedical journals of the United States since 1936 have totaled nearly forty. A 
irtion of his research in the field of nutrition was done while he was a lieutenant 
i the Medical Corps of the Army of the United States during World War II. He 
as the winner of the John Horsley Memorial Prize in 1944. His father was for 
ianly years a distinguished anatomist at the University of Virginia Medical School. 
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. Book Reviews 





Electrocardiografia clinica con estudio de derrivaciones unipolares. By 
Sergio Alvarez Mena, M.D. Price, $10. Pp. 568. Habana, Cuba: M. Fresneda 


(Editor), 1947. 


Even though it hasn’t been the reviewer’s privilege to read other books on 
electrocardiography written in Spanish, it would appear that Dr. Alvarez Mena 
has set with the publication of this textbook a pattern for other Spanish authors in 
the field to follow. 

Through his experience as faculty instructor and as chief of the cardiology 
service of the Department of Medical Pathology at the University Hospital oi 
Habana, Dr. Mena has felt the need of a suitable textbook in Spanish which would 
present not only what is basic and fundamental but also the new orientations and 
concepts on the science of electrocardiography. Equipped with adequate and 
generous training obtained from his teachers, Drs. F. N. Wilson, F. F. Rosenbaum 
L. N. Katz, P. D. White and S. A. Levine in this country and Dr. P. D. Sodi of 
the National Institute of Cardiology of Mexico, the author is well qualified to d« 
justice to the presentation. 

The book is divided into twenty chapters, the first two of which are introductory 
notes on cardiac anatomy and physiology. In the third chapter is presented the 
Wilsonian concept of electrophysiology and the mechanism of production of th« 
electrocardiographic tracing. Discussions follow on the different derivations and 
on the normal electrocardiogram. The author then presents a detailed study on the 
cardiographic waves, establishing the ranges of normality and abnormality which 
characterize them. A thorough discussion on electrical axis, including the mech- 
anism of its production and methods of its determination and study,*is presented 
and is followed by a brief and complete dissertation on the ventricular gradient in 
all its aspects. The next four chapters are devoted to the arrhythmias, that field 
in which the electrocardiogram has the final say in absolute diagnosis. These ar« 
followed by two chapters on the disturbances of auriculoventricular and intra- 
ventricular conduction. Dr. Mena then presents, under the subheading of “clinical 
electrocardiography,” the alterations which accompany cardiac organic pathology 
in its various forms. This particular presentation is divided into four chapters, 
which are well organized and documented. The author finishes his book with a 
discussion on electrocardiographic deviations from the normal in the absence of 
any cardiopathy. 

In a textbook of this nature, the quality of the discussion would have to be 
matched by the profuseness and adequacy of its illustrations. This has been more 
than well accomplished with the excellent diagrams and numerous electrocardio- 
graphic tracings which are included. However, for more clearness and comprehen- 
siveness it is felt that more direct references from the text to the illustrative 
material should have been made. The author explains the mechanism of production 
of every electrocardiographic abnormality by discussing them in the light of the 
electrophysiologic concepts concerned. 

As well as giving emphasis to practical applications of electrocardiography, 
this book is well printed and should receive a warm welcome from those of the 
medical world with command of the Spanish language. 
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A History of the American Medical Association, 1847 to 1947. By Morris 
Fishbein, M.D., with the biographies of the presidents of the Association by 
Walter L. Bierring, M.D., and with histories of the publications, councils, 
bureaus and other official bodies. Price, $10. Pp. 1,226, with 169 illustrations. 
Cloth. Philadelphia and London: W. B. Saunders Company, 1947. 


This is really several books in one. It opens with a biographic sketch of 
Nathan Smith Davis, the founder of the American Medical Association and con- 
tinues with the history of the organization from its inception to the Centennial 
Meeting. Following this there are brief biographic sketches and photographs of 
the recipients of the Association’s Distinguished Service Medal. A most remarkable 
section contains photographs, together with biographic notes, of each president of 
the organization from the first to the one hundred and first. Then comes a section 
evoted to the Councils and Bureaus of the American Medical Association and 
nally one dealing with the publications of the Association. 

There are many noteworthy things between the covers of this book, and it is 
impossible to mention all of them. The task accomplished by Dr. Walter L. 
ierring, that of collecting and publishing the photographs and sketches of one 
indred and one presidents, was truly a magnificent job. The story of the Councils 

d Bureaus and of the publications is highly interesting. The history of the 
ganization itself is, of course, packed with interest. 

It is impossible to select from this large work any great number of portions for 
ecial mention. The serious and humorous incidents are too numerous. One 
ight mention the agitation for reform in dress among women in 1888 and in the 
ime year the charge that there were too many special societies. One of the most 
imorous sections deals with the controversy about moving the office of publication 

ay from Chicago. 

Every physician will be impressed anew at the constantly prosecuted, ever alert 
ampaign for the improvement of medical standards and education and the fight 
vainst quackery and “patent medicines.” The thoughtful physician will realize 
w much he owes to this organization and to its always interested officers. 


Whither Medicine: From Dogma to Science? By Antony Fidler, M.D. 
Price, 6s. net. Pp. 113. Edinburgh, Scotland: Thomas Nelson & Sons, Ltd., 
1947. . 

The writer states in his introduction that he has had no training in philosophy, 
but this book is purely philosophic and hence, as with all philosophic works, beyond 
the full comprehension of the reviewer. He believes, however, that this is a good 
book and that the author really has something to say which is worth while. The 
point seems to be that the practice of medicine should be based on methods so 
accurate as to approach planned experiment and to be capable of statistical analysis : 
if this could be pushed to its logical conclusion the physician would always know 
exactly the right thing to do, and the result would always be the best possible one. 
Dr. Fidler writes well, although one discerns everywhere that mixture of the 
obvious and the esoteric so common in philosophic exposition. George Henry 
Lewes in his “Biographical History of Philosophy” attributes to an unknown wit 
the definition of metaphysics as “Vart de s’egarer avec methode.” Be that as it 
may, one cannot fail to enjoy and profit from this keen and stimulating essay. 





IA SET RREK 8 Dp 


ae 





246 ARCHIVES OF INTERNAL MEDICINE 


Health Insurance in the United States. (Studies of the New York Academy 
of Medicine Committee on Medicine and the Changing Order.) By Nathan 
Sinai, Px.D., Odin W. Anderson, and Melvin L. Dollar. Price, $1.50. 
Pp. 115. New York: Commonwealth Fund, 1946. 


This small book presents one of the studies of the New York Academy of 
Medicine’s Committee on Medicine and the Changing Order. Like the previous 
publications emanating from this source and published by the Commonwealth Fund, 
the monograph is factual and objective. 


The authors divide their book into seven chapters. The first gives a rather 
brief introduction which devotes a paragraph or two to the various plans that have 
already been evolved in group insurance. The next chapter has to do with th« 
health insurance movement from 1910 until practically the present day. A fairl) 
long chapter is then devoted to the attitude toward health insurance of various 
professional, governmental and lay groups. Chapter IV is enlightening from th« 
medicolegal viewpoint. The subsequent chapter discusses the important features of 
voluntary plans, and it is followed by a chapter on problems that present them- 
selves to those who have organized and developed and are carrying through such 
plans. The last chapter has to do with the tremendous growth of voluntary plans 
notably the Blue Cross Plan. It gives some suggestion also as to the future ot 
health insuranc= in the United States. 

The monograph is not long. It is well written and is easy reading, and it ought 
to be greatly appreciated by those who are interested in the future developments oi 
medical practice. 


Las neumopatias aceitosas: Estudio clinico y experimental. By Dr. Mari 
S. Dreyer. Pp. 128. Buenos Aires: “El Ateneo,” 1946. 


This monograph is an experimental and clinical study on the problem of th« 
“oily” pneumopathies. The initial discussion is a historical outline of this pathologic 
entity followed by its definition and a review of the nomenclature that has bec 
applied to the disease. The other discussion is that of the pathogenesis, classificatio1 
and anatomic pathology of the condition, followed by descriptions of the symp 
tomatology and consideration of the differential diagnosis, the course and the 
prognosis. 


The treatment of the “oily” pneumopathies is discussed separately, and th 
clinical aspects of these and the other pneumopathies are considered in connection 
with the presentation of two illustrative case histories. The experimental study 
was performed in laboratory analysis (rabbits). It is introduced with the description 
of the artificially produced microscopic lesions. Histopathologic studies and roent- 
genologic findings in the “oily” pneumopathies are then presented. 


The same manner of study has also been done by the author on the acute pul- 
monary complications projected by kerosene and on the chronic “oily” pneumo- 
pathies. A brief summary of the experimental study is then presented, including 
a series of conclusions as obtained from the laboratory work. Excellent photo- 
macrographic and photomicrographic presentations are included in the discussion 
of the laboratory work. 

It is felt that the clinical and laboratory correlation in this interesting respiratory 
syndrome is a contribution to the knowledge available on the disease and is an 
incentive toward further investigation. 
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The Diagnosis and Treatment of Diarrheal Diseases. By William Z. 
Fradkin, M.D. Price, $6. Pp. 254. New York: Grune & Stratton, Inc. 
1947. 


This is the age of monographs, so that now one can find a book on almost any 
lisease. The present volume is based on a different principle and deals with all the 
mditions featured by a certain symptom, namely diarrhea. There are chapters 
n diarrhea caused by protozoa, by bacteria, by mechanical factors and by glandular 
ind other disorders. The final chapter is on diarrhea caused by miscellaneous 
mditions. The book really deals, therefore, with an arbitrary cross section of 
whole field of medicine, rather than with any homogeneous subject. In the 
ort to discuss every condition in which diarrhea may ‘be a feature, space in a 
1all book naturally is at a premium. Cholera, for example, is disposed of in two 
ges, which seems brief when it is considered that a page each is given to syphilitic 
| gonococcic diarrheas. An outstanding feature of the book is the many excellent 
ustrations. 


ermatologic Clues to Internal Disease. By Howard T. Behrman, M.D. 
Price, $5. Pp. 165, with 118 illustrations. New York: Grune & Stratton, 
Inc., 1947. 


It is fair to say that most physicians, unless they are specialists in dermatology, 

weaker in their knowledge of skin diseases than in any other phase of medicine. 
is interesting little book of Dr. Behrman’s tries to give help by pointing out and 
scribing the dermatologic phases of various diseases. The subject is taken up in 
tions alphabetically arranged, such as acanthosis nigricans, acrocyanosis, 
omegaly, acrosclerosis, Addison’s disease and so on down the list. Under each 
ading the dermatologic implications are described. There are numerous good 
istrations, and the reviewer considers this a most useful. compendium. 


he Diagnosis and Treatment of Bronchial Asthma. By Leslie N. Gay, M.D. 
Price, $5. Pp. 334, with 86 illustrations. Baltimore: Williams & Wilkins 
Company, 1946. 


Dr. Gay has covered his subject in thorough fashion and has discussed the 
oblem of asthma in a well balanced way, with sound emphasis on the allergic 
ispects. There are systematic chapters on symptoms, diagnosis, etc., and the 
apter on therapy exhausts every detail. There are numerous charts and illustra- 
ms, and the many case reports emphasize the points brought out in the text. 
he book carries all the authority which comes when one has worked personally 
a subject for a long time. 


The Chest: A Handbook of Roentgen Diagnosis. By Leo G. Rigler, M.D. 
Price, $6.50. Pp. 352. Chicago: The Year Book Publishers, Inc., 1946. 


The Year Book Publishers have embarked on the manufacture of a series of 
short handbooks dealing with roentgenologic diagnosis. This particular volume, 
vhich is listed as second in the group, considers the chest. 

The author believes that the atlas method of presentation is peculiarly fitted 
for consideraticn of the thorax. He approaches the subject by an introduction 
which deals chiefly with methodology. Next he considers the normal chest. 
Finally, he takes up the various abnormal conditions which occur within the cavity 
of the chest. ; 

He writes clearly, so that his various descriptions are concise. Chief emphasis, 
however, is laid on radiologic findings. A great many roentgenograms are hand- 
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somely reproduced, and each is so clearly marked that any student can easily see 
exactly what he should look for. The contents are well balanced; rare conditions 
receive but little space, while tuberculosis and malignant disease are given adequate 
discussion. 

This is the kind of a book that students and practicing physicians like. It 
deserves a place in the libraries of hospitals and medical schools. Students, interns 
and members of hospital staffs will find the maps of this atlas of great help in 
charting their diagnostic course. 








DISCUSSION ON ARTICLE BY DRS. DASHIELL AND PALMER 
(See page 173, this issue) 


Dr. J. Epwarp Berk, Philadelphia: Despite the incentive for early diagnosis 
of carcinoma of the pancreas, recognition of the disease continues to be retarded. 
Unfortunately, the pancreas is not easily accessible, and there are no means whereby) 
it can be visualized roentgenologically. Moreover, all the current methods of 
studying the pancreas and its function do not allow for the diagnosis of carcinoma 
to the exclusion of all other lesions. 

Data in the literature pertaining to clinical manifestations of carcinoma of the 
pancreas are based largely on cases in which the cancer was well advanced. These 
observations have tended to fix in our minds the late manifestations. Furthermor« 
in many of the reported cases the diagnosis was established solely by the findings 
at operation. The shortcomings of such unconfirmed surgical observations are 
obvious, especially when they are used to differentiate the clinical manifestations 
of pancreatic cancer confined to the head from those of cancer in the body or tail 
of the gland. 

If more patients with pancreatic cancer are to derive benefit from the potentially 
curative operations now available, we must take cognizance of such reports as Dr 
Dashiell’s. His findings agree with ours. We must realize that pain and weight 
loss, altered carbohydrate metabolism and disturbed pancreatic function are impor- 
tant clues. We must also appreciate the value of roentgenologic examination oi 
the pancreas by means of changes produced in neighboring viscera. Painless 
jaundice, palpable enlargement of the gallbladder and bulky, fatty stools, while 
classic and diagnostically significant, are encountered together in only’ a minority 
of the cases of pancreatic cancer. , 


Dr. Rupo_tF SCHINDLER, Los Angeles: There is one early sign of carcinoma 
of the pancreas which has not yet been mentioned. It is a rather reliable sign 
which may be present when there are no other objective findings and may be 
found in about one half of all cases of early carcinoma of the pancreas. It is a 
gastroscopic sign. When we look in the stomach, we may see a rather firm pro- 
trusion of mucosa of the antrum of the body, and, with respiration, the wall of 
the stomach will slide over that protrusion. If there is more pressure, the pro- 
trusion will disappear. I think that this may be an important sign in the con- 
sideration of early diagnosis. 





